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Abstract 


One egg from each of 440 clutches of eggs of 19 species of Alaskan seabirds collected in 1973-76 was 
analyzed for organochlorine residues. All eggs contained DDE; 98.9°% contained PCB's; 84.3% , oxy- 
chlordane; and 82.7% , HCB. Endrin was found in only one egg, but DDD, DDT, dieldrin, heptachlor 
epoxide, mirex, cis-chlordane (or trans-nonachlor), cis-nonachlor, and toxaphene each occurred in at 
least 22% of the samples. 

Concentrations of organochlorines in the samples were generally low. Mean concentrations of eight 
compounds were highest in eggs of glaucous-winged gulls (Larus glaucescens) from three sites: DDE 
(5.16 ppm, wet weight), dieldrin (0.214 ppia), oxychlordane (0.251 ppm). and PCB's (3.55 ppm) in eggs 
from Bogoslof Island; heptachlor epoxide (0.037 ppm), cis-chlordane (0.075 ppm), and HCB 
(0.188 ppm) in eggs from Buldir Island; and cis-nonachlor (0.026 ppm) in eggs from the Semidi Islands. 
Highest concentrations of DDD (0.157 ppm), DDT (0.140 ppm), and toxaphene (0.101 ppm) were in 
eggs of fork-tailed storm-petrel (Oceanodroma furcata) from Buldir Island, and the highest concentra- 
tion of mirex (0.044 ppm) was in fork-tailed storm-petrel eggs from the Barren Islands. 

Both frequency of occurrence and concentration of residues in the eggs differed geographically and by 
species, apparently reflecting non-uniform distribution of organochlorines in the environment, dissimi- 
lar feeding habits and migration patterns of the species, or metabolic differences among the species 

The overall frequency of residue occurrence was highest in eggs from the Pribilof Islands. but only 
three species were represented in the samples collected there. Detectable residues also were more fre- 
quent in eggs from the Gulf of Alaska colonies than elsewhere, and the lowest frequency was in eggs 
from nesting colonies on or near the Seward Peninsula. Regionally, concentrations of DDE and PCB's 
were usually higher than average in eggs from the Gulf of Alaska and lower than average in eggs from 
the Aleutian Islands and Bristol Bay. However, within some species there were exceptions to this general 
pattern, and mean concentrations of most chemicals differed from one site to another within the same 
region 

Among eggs of species collected in two or more regions, residue frequencies were highest in those of 
the fork-tailed storm-petrel, tufted puffin (Lunda cirrhata), horned puffin (Fratercula corniculata), 
pelagic cormorant (Phalacrocorax pelagicus), and northern fulmar (Fudmarus glacialis), and lowest in 
those of common murre (Uria aalge), black-legged kittiwake (Rissa tridactyla), double-crested cor. 
morant (Phalacrocorax auritus), and thick-billed murre (Uria lomvia). 

On a regional basis, mean concentrations of DDE and PCB's varied significantly among species. but 
there were few consistent patterns of species differences, except that levels of DDE were always lowest 
in black-legged kittiwakes and concentrations of PCB's were usually lowest in murres. Also. concentra 
tions of both chemicals (except PCB's in the Gulf of Alaska) were usually higher in northern fulmars 
than in other species, and the highest concentrations of both DDE and PCB's found in this study were in 
glaucous-winged gulls in the Aleutian Islands 
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Organochlorine residue data are available from variou 
coastal regions, particularly of the United States and 
Europe (Ohlendorf et al. 1978b). However, there have 
been relatively few studies of chlorinated hydrocarbon 
contamination of marine birds in Alaska and other areas 
of the northern North Pacific. 

From 1973 through 1976 we collected eggs of seabirds 
nesting in Alaska to measure environmental contaminants 
and to determine differences in residue concentrations 
among eggs from different nesting sites and from different 
species. Emphasis was directed at collecting eggs of north- 
ern fulmars (Fulmarus glacialis), fork-tailed storm-petrels 
(Oceanodroma furcata), pelagic cormorants (Phalacro- 
corax pelagicus), glaucous-winged gulls (Larus glauces- 
cens), black-legged kittiwakes (Rissa tridactyla), common 
murres (Uria galge), and tufted puffins (Lunda cirrhata) 
because of differences in both their food habits and ranges, 
and because of logistical considerations. Eggs of other 
marine birds were collected opportunistically. We report 
here the findings of the analyses of these eggs and interpret 
their significance 

It is unlikely that any seabirds remain uncontamina'ed 
by the synthetic organochlorine compounds that have be- 
come ubiquitous pollutants (see Ohlendorf et al. 1978b tor 
review). The most abundant (and universal) of these com- 
pounds is frequently p.p'-DDE_ a metabolite of p.p'-DDT. 
Which is the principal component of the commercial insec- 
ticidal mixture. Polychlorinated biphenyls (PCB's). or 
chlorobiphenyvls, are occasionally found in seabirds at con- 
centrations that may induce adverse effects. Other svn- 
thetic organochlorine Compounds have been detected in 
seabirds, but almost always at levels substantially lower 
than those of the DDT and PCB compounds. 

Some researchers (see Vermeer and Revnolds 1970; 
Prestt 1971: Dunnet 1977; Vermeer and Peakall 1977; 
Ohlendort et al. 197Sh: and Ohlendorf 1982) have sug- 
vested that birds may serve as useful indicators of marine 
pollution on a global scale for several reasons: (1) Thes 
occur in most estuarine and marine ecosystems, are often 
numerous, and feed on a wide range of marine organisms. 
(2) Most species nest colonially and lav large distinctively 
marked eggs that can be readily analyzed. (3) Certain 
species are sufficiently conspicuous to enable measurement 
in changes in numbers and determine population changes; 
populations with strong traditions for using particular 
areas for breeding, migration, and wintering permit valid 
temporal and regional comparisons. (4) Many species are 
widely distributed and may consequently indicate local 
environmental changes in many areas throughout their 
ranges. (3) Because certain seabirds are at the top of food 
webs (terminal consumers), they accumulate an array of 
environmental pollutants. (6) Certain birds are physio 
logically susceptible to particular chemicals, and the ob 
servable responses to contaminants (e.g.. changes in num- 
bers, reproductive success, behavior, and colony attend- 
ance) are often more conspicuous than in other indicator 
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Eggs serve as particularly useful sample units for anal 
sis of organochlorines and certain heavy metals —espe- 
cially mercury — because they constitute distinct units for 
comparison, do not decompose rapidly, and are easily col- 
lected and handled. Some seabird species lay an additional 
clutch if the first is removed; eggs from those species may 
thus be taken without adversely affecting populations. 
This characteristic is of particular importance because 
studies are sometimes not begun until it is apparent that a 
population is declining (Vermeer and Reynolds 1970; 
Prestt 1971). 

Organochlorine concentrations in the egg serve as an 
index to whole-body concentrations found in the female at 
the time the egg was laid or those in her diet (Cummings et 
al. 1966; Vermeer and Reynolds 1970; Haegele and Hud- 
son 1974; Driver et al. 1976; Longcore and Stendell 1977: 
Kan and Jonker-den Rooven 1978; Custer and Heinz 1980; 
Haseltine et al. 1980). Although some microbes have the 
ability to metabolize organochlorine pesticides under cer- 
tain conditions (Matsumura 1974), putrifaction does not 
significantly affect residue analysis for DDT and _ its 
metabolites (Mulhern and Reichel 1970). During incuba- 
tion, however, the developing embryo appears to metabo- 
lize DDT to DDD and DDE (Abou-Donia and Menzel 
1968; Blus et al. 1974). Chemical residue concentrations 
can be adjusted for the loss ot moisture and lipids that 
occurs during incubation (Stickel et al. 1973). For various 
reasons, organochlorine residue concentrations in whole 
egg contents (combined volk, albumen, and developing 
embrvo) are best expressed on a fresh wet-weight basis; 
they should be expressed on lipid-weight basis only if the 
degree of incubation is known and stated (Stickel et al 
1973: Peakall and Gilman 1979). 


Methods 


Eggs were collected at 1S sites in Alaska. divided among 
five regions (Table 1. Fig. 1). in 1973-76. Because fiscal 
limitations precluded a systematic collection of eggs, the 
collections were made by persons visiting the areas or con- 
ducting investigations there for other pUrpases (Cr lectors 
are listed in Appendix 1) 

Entire clutches were collected: eggs were individualls 
wrapped in aluminum foil and placed in plastic containers 
to retard moisture loss. They were shipped to the Patuxent 
Wildlife Research Center and refrigerated until they could 
be processed. Contents were then removed, placed into 
chemically cleaned jars. and frozen pending analysis 
Only one egg per clutch was analyzed 

Egg volumes were measured to the nearest 1.0 mb by 
water displacement before the contents were removed 
Residue concentrations were adjusted to tresh wet weight. 
assuming a specific gravity of 1.0 as suggested by Stickel 
et al. (1973) 

Preparation of the egg samples and the subsequent sol 
vent extraction. lipid removal. and separation of pesticides 
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and PCB's were similar to the procedures used for the 
analysis of carcasses of bald eagles (Haliacetus leucoceph- 
alus) (Cromartie et al. 1975). except that glass thimbles 
were used. Also. special precautions were taken in rinsing 
the glassware because we wanted a high level of sensi- 
tivity. For eggs collected in 1973 and 1974, and most of 
those collected in 1975. the procedure for separation of 
pesticides from PCB's was identical to that described by 
Cromartie et al. (1975). The samples were analyzed with 
a gas-liquid chromatograph equipped with an electron- 
capture detector. automatic sampler. digital processer, 
and 4°. SE-306°° QF-1 column at 190°C, 

For the rest of the eggs collected in 19.5 and all of those 
collected in 1976. the organochlorines were separated into 
four fractions (rather than three) to insure the isolation of 
dieldrin and endrin into one individual fraction. These 
four fractions were analyzed as described above except 
thatal.5°. OV-17 1.95% QOF-1 column was used because 
it separated cis-chlordane from = ¢rans-nonachlor. (This 
method was adopted as our laboratory's standard practice 
before the more recent Alaskan samples had been ana- 
Inved.) However. to make the more recent data compa 
rable with those for 1973-75. the values for cis-chlordane 


and trans-nonachlor were combined. The amount of trans- 


4 Alaskan sealurds collected at different sites in 1973-76. (See Figure 1 for locations of sites 
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nonachlor was usually greater than the cis-chlordane in 
the samples where these compounds were measured sepa- 
rately. 

Most pesticides (excluding toxaphene) and the PCB's in 
all the samples were quantitated as described by Cro- 
martie et al. (1975). The procedure for quantitation of 
toxaphene in the 1974-76 eggs was the same as described 
by Prouty et al. (1977). 

Residues in 10 of the samples were confirmed with an 
LKB 9000 or Finnigan 4000 series gas chromatograph- 
mass spectrometer. Operating conditions for the LKB 
were listed by Cromartie et al. (1975). For the Finnigan 
they were as follows: flow rate. 30 mL min helium: 
ald OV-17 1.955 QF-L column temperature-pro- 
grammed at 2 C per min from 140°C to 225 C: separa- 
tor, 235 C: and ion source, 300°C 

Samples were analyzed for 13 organochlorines 
p.p-DDE. p.p-DDD. p.p- DDT. dieldrin. heptachlor 
epoxide, mirex. oxvehlordane. cis-chlordane (or trans. 
nonachlor), cis-nonachlor, HCB, toxaphene. endrin, and 
PCB's. (Chemical names for these compounds are given in 
Appendix IL.) 

Average recoveries of pesticides and PCB's from spiked 
domestic chicken eggs ranged from S3 to 104 Residue 
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concentrations given in this report were not adjusted on 
the basis of these recoveries. The lower limit of detection 
was 0.005 ppm for pesticides other than toxaphene, and 
0.02 ppm tor toxaphene and PCB's 

A “frequency index” was computed by dividing “total 
occurrences” by the number of “possible occurrences” to 
reflect the frequency of organochlorine residue occur- 
rences. Total occurrences are the number of times any of 
the 13 organochlorines were detected in eggs from that re- 
gion (or site); possible occurrences are the number of 
clutches from that region (or site 


« 13 chemicals. 

Mean organochlorine concentrations in the samples 
were computed from individual sample values (the residue 
concentration + 1) that had been transformed to common 
The addition of | facilitated the transforma- 
tion of zero values to logs. After computing mean log 
values, we subtracted | from the value of their antilogs. 
This returned our measurements to the original unis; 


however, means are geometric rather than arithmetic. 


logarithms 


At most sites, eggs were collected in only 1 year. How- 
ever, in five instances (glaucous-winged gull and tufted 
puffin at Kodiak Island i 1975 and 1976, and at Ugaiu 
shak Island in 1974 and 1976; thick-billed murre at 
Ugaiushak Island in 1974 and 1976) we collected eggs of 
the same species in 2 years at the same sites. We compared 
means for the separate vears and combined them when 
they were not significantly different. When there were sig- 


nificant differences, data are presented separately for the 


2 vears 


The data were analyzed by using packaged subroutines 
from the Statistical Analysis Svstem (Barr et al. 1976). In 
some instances the presence of many zero values prevented 
transformation to the normal distribution, but we also cal 
culated means of these log-transformed data (see Ohlen 
dorf et al. 1978a for further explanation). We performed a 
one-way analysis of variance on the log-transformed data 
for each chemical and used Duncan's multiple range test 





to detect significant differences (P < 0.05) among the 
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mean concentrations of these chemicals in eggs of the same 
species from the different sites (or from different regions) 
and among different species from the same site (or region) 


Organochlorine Residues 


Nineteen species were represented ”» a total of 440 
this table also shows Common 
Most 


egys were collected in 1976 (250 clutches), but some were 
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In Table 2, as well as in certain other tables referred to 
later, data for different sites or species have been com- 
bined to reflect regional patterns in residue frequency and 
concentration. Other tables and Appendix I! present data 
in greater detail (including 95° confidence intervals) to 
enable comparisons among collection sites within species 
and among species within individual sites for each chemi- 
cal. These comparisons by individual site and species are 
the more valid biologically and statistically. but thev be- 
come more meaningful when compared with the overall 
regional patterns that are described 

Mean concentrations of eight of the organochlorines 
were highest in eggs of glaucous-winged gulls from three 
sites (Appendix IID): DDE (5.16 ppm). dieldrin (0.214 ppm). 
oxvehlordane (0.251 ppm). and PCB's (3.55 ppm) in eggs 
from Bogoslof Island: heptachlor epoxide (0.037 ppm), 
cis-chlordane (0.075 ppm). and HCB (0.188 ppm) in eggs 
from Buldir Island: and cis-nonachlor (0.026 ppm) in eggs 
from the Semidi Islands. (Cis-nonachlor was nearly as 


high — 0.023 ppm — in eggs of ancient murrelets from Bul- 


dir Island.) 
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Residues of HCB were less common in eggs trom the 
Cculf of Alaska than the overall average tor all regions 
combined (Table 2). However, HCB was detected in all of 
the eggs from the Pribilof Islands and Seward Peninsula 
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currence was higher at Hinchinbrook Island. the Barren 
Semidi Islands, Shumagin Islands, and Kodiak 
Gulf of Alaska) and St. George islands than at most other 
Table 4 


occurrence was different among the species represented; 


Islancls 


sites At certain sites the frequency of residue 


consequently the overall average for the site did not accu 
For 


example, at the Semidi Islands the frequency of residues in 


rately reflect geographic differences among sites 
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glaucous-winged gull was the highest of all sites for that 
species, but frequencies of residues in northern fulmar and 
tufted puffin were the lowest for the various sites for those 
species; this combination produced a relatively high over- 
all index for the site 

Frequency of residue occurrence was low (<0.500) at 
four sites where two or more species were sam ed (Bogos- 


lof, Round, and St. Paul islands, and the Bluff Seabird 








Cliffs) and at the Copper River Delta and Amalik Bay, 
where only 
Table 4 


apply to all species represented at the various sites. 


glancous-winged gull eggs were collected 
Again, however. this overall pattern did not 


Residue Concentration 


Within species, there were often significant differences 
among regional means for DDE and PCB's (Table 5): 
mean residue concentrations for other chemicals were 
tested only among selected species and for the collection 
sites Where adequate samples were available. Means were 
usually higher in the samples from the Gulf of Alaska and 
lower in those from the Aleutian Islands and Bristol Bay 
than in those from the other two regions. However, mean 
concentrations of both DDE and PCB's in glaucous-wingea 
gull eggs from the Aleutian Islands were significantly 
higher than those from the Gulf of Alaska 
among the other regions were not consistent. probably in 


Ditterences 


part because ail of the species usually were not collected at 
each nesting colons 

Mean concentrations of DDE and PCB's tor each species 
were usually of the same order of magnitude (Table 5 and 
Appendix HL), but in black-legged kittiwake the level of 
DDE was consistently 
one-tenth that of PCB's 


much the lower— usually about 


megyes of Va har cabirds 19, fh by species and coll: fron sate 
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Mean concentrations of DDE (5.16 ppm) and PCB's 
(3.55 ppm) were higher in glaucous-winged gull eggs from 
Bogoslof Island than in any other samples we analyzed 
(Appendix III). These chemicals were also somewhat 
higher in black-legged kittiwake (0.089 ppm DDE; 
0.931 ppm PCP’s) and fork-tailed storm-petrel (0.602 ppm 
DDE: 1.69 ppm PCB's) at Buldir Island than at the other 
sites where eggs of these species were collected. However, 
concentrations of DDE (0.119 ppm) and PCB's (0.126 ppm) 
were relatively low in common murres (Table 6), the only 
other species represented from Bogoslof Istand. In thick- 
billed murre (PCB's only, 0.090 ppm) and tufted puffin 
0.135 ppm DDE: 0.395 ppm PCB's; see also Appendix 
where. (Because the sample sizes for some species were 
small, not all of these differences could be tested statisti- 
cally; however, thev indicate a pattern of relatively high 
residue levels in some species at Bogoslof and Buldir is- 
lands and lower levels in other species nesting there.) 

Aniong the sites where at least five samples per species 
were collected, mean DDI 
winged gull eggs were highest at Kodiak Island. the 
Semidi Isands. and Middleton Island and lowest at the 


concentrations for glaucous 


Copper River Delta. Hinchinbrook Island, the Shumagin 


Islands. and Ugaiushak Island (Table 6). In black-legged 
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able 3. Geometric mean DDE and PCB residue concen- 


frattoiss ppm, we f we wht in eggs of Alaskan seabirds. 


1973-76. ranked by region within species. Species are 
included only if eggs were collected in more than one 


rT; Vion 


Species and region Tt PCBs 
Northern tulmar 
(sult of Alaska 454 4 0.454 4 
Pritulot Isands wT A OOSTA 
(hati is-Winved yw | 
Aheutian Islanads ,24 A S41) A 
Csulf ot Alaska 0324 B US B 
Black-legged kittiw ax« 
Gulf of Alaska OHS A U4s0A4 
Pribilot Islands UUsSA O42 A 
Seward Peninsula HIBS 4 365 AB 
Bristol Bay O24 O24 B 
C cornrtnomn murre 
(culf of Alaska 44S A 625 A 
Prifilot ands 005 8B 0239 8B 
Seward Peninsula v 141B WIS2B 
Bristol Bas ULMB 0149 B 
Aleutian Islands 132 B 01368 
Thack- billed mourre 
Seward Peniuisula lth A vwerA 
Cult ot Alaska 147 A 2A 
Aleutian Island W145 A W000 B 
i teal itta 
(calf ot Alaska 27s O5IS A 
Bristol Bas 2th) A 423 4 
bor each species, regronal means that de not share the same 
etter are sagnificant!s different ’< 0.05) trom each other (DDE 
md PCBS consideredd I atatels 


kittiwake there were conspicuous differences among PCB 
levels; higher concentrations were found at Kodiak. 
Middleton, and St. Paul islands and lower ones at Round 
and Hinchinbrook islands and the Bluff Seabird Cliffs. In 
common murres, both DDE and PCB's were higher at 
Middleton Isiand than at other sites. In tufted Putfins, the 
higher concentrations of both DDE and PCB's were in 
egys from Hinchinbrook Island, and the lower ones in eggs 
trom the Semidi Islands 

Among collection sites, there was no clear pattern in 
PCB DDE ratios | Appendix Hil). Thes tended to be higher 
than average in one or more species at St. Paul, Ugaiu- 
shak. Middleton, and Buldir islands than at other sites, but 
there were often other species with low ratios at these sites 

For other chemicals. there often were also significant 
differences in mean concentrations arvong the various col 
lection sites (Table 6 


Detailed information (.c¢.. sample 


size, number with residues, geometric mean, 45 conti 


) Is pyrese nted in Appendir Il tor 


dence interval, and range 
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each species. We were able to collect at least five eggs per 
site at two or more sites for six species, and comparisons 
can be made within svecies to reflect differences among 
the sites where they vere collected (Table 6). 

Northern fulmar — Concentrations of DDT were higher 
at the Semidi Islands than at St. Ceorge Island: for all 
other chemicals in which there were significant differ- 
ences, concentrations were higher in the samples from St. 
George Island. 

Glaucous-winged gull.— Concentrations of several 
chemicals were higher in eggs from the Semidi Islands or 
Shumagin Islands, or both. than in those from other sites. 
However, concentrations of other chemicals tended to be 
relatively low at those two sites. In general, concentra- 
tions of most chemicals were among the lowest in eggs 
from the Copper River Delta and Amalik Bay 

Black-legged kittiwake.— Concentrations of several 
chemicals in e¢gs from Kodiak Island, and of dieldrin and 
mirex in eggs from Round Island, were higher than those 
in samples from other sites. However, the Round Island 
samples had among the lowest concentrations for other 
chemicals. Although also reflected somewhat in the other 
species, kittiwake eggs showed clearly the trend toward 
higher concentrations of HCB in the samples collected at 
the westernmost nesting colonies. 

Common murre. — Concentrations of DDD ana DDT 
were highest at St. George and Middleton islands and 
lowest at Bogoslof, St. Paul, and Shaiak islands. The sig- 
nificant difference between St. George and St. Paul, 
which are near each other, was notable. 

Thick-billed murre. — Except for PCB's, tiere were sig- 
tmficant geographic differences in only two chemicals 
(DDD and oxychlordane) in this species. Concentrations 
of each were highest at King Idand and lowest at Buldir 
Island. 

Tufted puffin. —Concentrations of several chensicals 
were higher in eggs collected at Hinchinbrook Isand and 
the Barren Is’ ands than in those from other sites. Concen- 
trations of most chemicals tended to be lowest in samples 
from Ugaiushak. Kodiak, and Shaiak islands 


Species Differences 


Among eggs of species collected in two or more regions, 
the frequency of residue occurrence (Table 4) was highest 
in those of fork-tailed storm-petrel (frequency index 0.769), 
tufted puffin (0.677), horned puffin (0.662), pelagic cor- 
morant (0.645), and northern fulmar (0.559). and lowest 
in those of common murre (0.501), black-legved kittiwake 
1).442). double-crested cormorant (0.396), and. thick 
billed murre (0.385). These patterns were also reflected at 
certain sites Where at least two of these species Were col 
lected (Table 3) 


rence was digher than for most other species in certain 


li some species, the frequency of occur 


regions. but not overall, For example. frequencies of resi 


dues were high in eggs of glaucous-winged gulls in the 
Aleutian Idands (0.593) and Bristol Bay (0.667). black 











BEST DOCUMENT AVAILABLE 


> 


Table 6. Mean concentrations (ppm. wet weight} of organochlerines in eggs of Alaskan seabirds. 1973-76. ranked by 
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Poxaphene 
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Hinchinbrook Iand 
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Copper River Delta 
Amalik Bay 


Sermmidi Island 


PCRs 
Kodiak Island 
Middleton Iand 
Semidi Isands 
Shumagin Islands 
{ vaitshak Island 
Hinchinbrook Island 
Amalik Bar 


Copper River Delta 


Black -legued hittiwake 
Dieldrin 
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Species. compound and sit 


! t 


Poxaphen 
St. Paul Island 
Kodiak Island 
Middleton Island 
Hinchinbrook Island 
Round Island 
Bluff Seabird Cliffs 
PCBs 
Kodiak Island 
Middleton Island 
St. Paul Island 
Blutt Seabird Cliffs 
Hinchinbrook Isand 
Round Island 


Common murre 
11 F 

Middleton Island 
St. Coaorgs Island 
Uvaiushak INand 
Shaiak Island 
Bluff Seabird Cliffs 
St. Paul Iand 


Bovoslof Island 


DD 
St. George Iand 
Middleton Iand 
Blatt Seabird Clitts 
UU vaiushak Island 
Bogoslot Island 
St. Paul Island 


Shaiak Island 


11 
Middleton Island 
St. George Island 
| vaitushak Istanc 
Jlutl Seabird Cliffs 
Boyoslot Island 
St. Paul Island 


Shaiak Icand 


Dieldrin 
Boyvoslot Island 
Middleton Island 
Shaiak Island 
“I ( sore island 
St. Paul Iiand 
Blatt Seabird Clitts 


l vanshak Island 
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St. On el 
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I i ik I i | 
| het Isla 
| t Seal i{ 

ik Tsdand 
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V135B 
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O1OB 
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<U.00O1LB 
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O02 B 
NDB 
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O34 4 
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005 AB 
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Table 6. Continued 


Buldir Iland 


~~ OOOLB 


Geometric Geometric 
Species, compound and site mean Species, compound and site mean4 
Oxvchlordane PCB's 
liddleton Island 0.042 A King Island 0.307 A 
St. Paul Island 0.026 B Ugaiushak Island 0.259 A 
Bluff Seabird Cliffs 0.023 B Buldir Island 0.090 B 
St. George Island 0.0ISB : 
Ugaiushak Island 0.008 C Tufted puffin 
Rogoslof Island 0.005 C a 
Shaiak Island 0.002 C Hinchinbrook Island 0.408 A 
| Shumagin Islands 0.368 AB 
Cis-chlordane® Kodiak Island 0.339 AB 
Middleton Island O.O1Z A Barren Islands 0.297 AB 
Bluff Seabird Cliffs 0.003 B Shaiak Island 0.266 BC 
Ugaiushak Island 0.002 B Ugaiushak Island 0.205 C 
Bogoslot Island < 0.001 B Semidi Islands 0.162 C 
St. Paul Island <0.001 B 
Shaiak Island ND B DDD — | 
> Case bleed NDB Hinchinbrook Island 0.033 A 
Shumgain Islands 0.024 AB 
Cis-nonachlor Barren Islands 0.024 AB 
Ugaiushak Island 0.014 A Semidi Islands ().023 AB 
Middleton Island 0.008 AB Ugaiushak Island 0.016 BC 
Bogoslof Island 0.008 ABC Kodiak Island 0.008 C 
Shaiak Island 0.002 BC Shaiak Island 0.005 C 
St. Paul Island 0.002 BC ; 
Bluff Seabird Cliffs 0.001 BC DDI _ 
St. George Island XD C Hinchinbrook Island 0.025 A 
Shumagin Islands 0.014 AB 
HCB Barren Islands 0.011 B 
Blutt Seabird C. ffs O.11LA Semidi Islands 0.008 B 
Siiaiak Island 0.100 AB Kodiak Island 0.002 B 
t. Pau! IMand 0.080 B Uyaiushak |sland 0.002 B 
St. George Island 0.079 B Shaiak Island 0.002 B 
Bogoslof Island 0.066 B 
Uyaiushak Island 0.027 C Dieldrin 
Middleton Island XDD Barren Islands 0.026 A 
Shaiak Island 0.020 A 
Poxaphene Hinchinbrook Island 0.120 A 
St. George Island 0.037 A Kodiak Island 0.016 AB 
Middleton Island 0.023 AB Uygaiushak Island 0.008 B 
St. Paul Island 0.019 AB Shumagin islands 0.005 B 
Uyaiushak Island 0.014 AB Semidi Isands 0.004 B 
Boygoslof Island ND B 
Shaiak Island ND B Heptachlor epoxide 
Bluff Seabird Cliffs ND B Kodiak Isand 0.012 A 
Hinchinbrook Island 0.011 AB 
PCBs Shumagin Islands 0.009 ABC 
Middleton Island 1.5 A Semidi Islands 007 ABCD 
St. George Iand 0.270 B Barren Islands 0.006 BCD 
St. Paul Isand 0.205 B Shaiak Island 0.004 CD 
Blatt Seabird Cliffs  IS2B Ugaiushak Island 0.004 Ded 
Uvaiushak Island 0.168 B 
Shaiak Mand 0.147 B Mires 
Rownlol Idand 0.126 B Hinchinbrook Island OOLLA 
Uyaiushak Island 0.007 AB 
Phick-billed murre Shaiak Island 0.006 AB 
11) Barren Islands 0.003 AB 
King Idand O00 A Semidi Islands 0.002 AB 
Uyaiushak Island NDB Shumagin Islands 0.002 AB 
Buldir Island ND B Kodiak Island QOOLB 
Oxvchlordan 
King Island O21 A 
Uvainshak Island QOL A 
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Table 6. Continued 


Geometric 
Species, compound and site inean4 
Cis-chlordane 
Barren Islands 0.030 A 
Hinchinbrook Island 0.023 AB 
Shumagin Islands 0.01S ABC 
Semidi Islands 0.014 BC 
Ugaiushak Island 0.013 C 
Kodiak Island 0.012 C 
Shaiak Is!and 0.008 C 
Cis-nonachlor 
Hinchinbrook Island 0.014 A 
Barren Islands 0.009 AB 
Shaiak Island 0.006 B 
Ugaiushak Island 0.006 Be 
Semidi Islands 0.004 B 
Kodiak Island 0.003 B 
Shumagin Islands 0.003 B 
HCB 
Shaiak Island 0.064 A 
Shumagin Isiands 0.037 B 
Hinchinbrook Island 0.036 B 


13 


Geometric 


Species, compound and site mean4 
Barren Islands 0.033 B 
Semidi Islands 0.032 B 
Ugaiushak Island 0.029 B 
Kodiak Island 0.024 B 

Toxaphene 
Kodiak Island 0.065 A 
Shumagin Islands 0.01IS B 
Ugaiushak Island 0.015 B 
Semidi Islands 0.003 B 
Hinchinbrook Island ND B 
Barren Islands ND B 
Shaiak Island ND B 

PCBs 
Hinchinbrook Island 0.625 A 
Barren Islands O.574 A 
Kodiak Island 0.533 A 
Ugaiushak Island 0.531 A 
Shumagin Islands 0.524 AB 
Shaiak Island 0.423 AB 
Semidi Islands 0.263 B 


“For each species, means that do not share the same letter are significantly different (P< 0.05) from each other (each compound con- 


sidered separately) 
*Or trans-nonachlor, or both (see Methods). 
‘ND = not detected in these samples. 


4Mean reflects collections in two vears with differences among vears; see App. ndix IL. 


legged kittiwakes in the Aleutian Islands (0.718), and 
common murres in the Pribilo! Islands (0.579), although 
the average for these species for all regions was low. 
Mean concentrations of DDE and PCB's on a regional 
basis varied significantly among species, but there were 
fow consistent patterns of species differences (Table 7). 
Howe, er, black-legged kittiwakes (when they were repre- 
sented) always had the lowest levels of DDE, and murres 
usually had low concentrations of PCB's. Northern ful- 
mars usually were in the group that had higher concentra- 
tions of both chemicals (except PCB's in the Gulf of Alaska) 
than other species, and glaucous-winged gulls in the Aleu- 
tian Islands had concentrations of both DDE and PCB's 
that were clearly higher than those in the other species. 


Frequency of Residue Occurrence by Species 


Residues of DDT and oxychlordane were found in each 
of the northern fulmar eggs (Table 3). whereas the fre- 
quency of these chemicals was lower in other species (ex- 


cept for oxychlordane in the Pribilof Islands) where the . 


fulmar eggs were taken. For heptach!or epoxide, cis-chlor- 
dane, and cis-nonachlor, frequency of occurrence in the 
fulmar eggs was lower than the average for all species 
combined. 


Except for DDE, heptachlor epoxide, and toxaphene (in 
the Gulf of Alaska only), frequencies of all chemicals in 
fork-tailed storm-petrel eggs were considerably higher 
than the average for all species (Table 3). In Leach’s storm- 
petrel the frequency of most chemicals (except cis-chlor- 
dane and those found in all storm-petrel eggs) was some- 
what lower than in fork-tailed storm-petrels. However, 
frequency of DDD, DDT, cis-chlordane, cis-nonachlor, 
HCB, and toxaphene in Leach’s storm-petrel eggs was 
above the average for all species in the Aleutian Islands. 
Mirex and endrin were the only chemicals not detected in 
petrels. 

Frequencies of most chemicals were low in cormorant 
eggs from most regious (fable 3); however, we were 
usually not able to collect a series of eggs large enough to 
enable sound comparisons. The exception was for pelagic 
cormorants from the Gulf of Alaska. where eggs from 11 
clutches were collected. In those eggs. the frequency of 
DDD and HCB was lower than the averages for all species 
from that region, but the frequency for other chemicals 
was at least as great as the overall average. 

In the Gulf of Alaska, the frequency of DDD. DDT, 
mirex, oxvchlordane. cis-nonachlor, and toxaphene was 
slightl, lower in glaucous-winged gull eggs than in all 
species combined (Table 3), and five of the gull eggs from 
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Table 7. Mean DDE and PCB residue concentrations (ppm, wet weight) in eggs of Alaskan seabirds, 1973--76, ranked 


by species within regions. Species are included only if five or more samples were collected in that region. 





DDE PCB's 

C,eometric Geometric 

Species mean Site Species mean* 
Gulf of Alaska 
Mew gull UO. H60 A Mew gull 334 A 
Northern fulmar () 454 AB Common murre 0.625 B 
Common nvurre 1) 448 AB Claucous-winged gull 0548 B 
Glaucous- winged gull 0.324 BC Tufted puffin O5SISB 
Pufted puttin 0.278 CD Northern fulmar 0.484 B 
Thick-billed murre 0.147 CDE Black-legged kittiwake 0.480 B 
Pelagic cormorant 0.134 DE Pelagic cormorant 0.296 B 
Black-legved kittiw ake 0.065 F Thick-billed murre 0.259 B 
Aleutian Islands 
CGlaucous-winged gull 329 A CGlaucous-winged gull 341 A 
Ancient murrelet 161 B Fork-tailed storm-petrel 169 B 
Fork-tailed storm petra | 0.602 BC Ancient murrelet 0.829 BC 
Aleutian tern 0.432.C Leach’s storm-petrel 0508 CD 
Leach’s storm-petrel 0337 C Aleutian tern 0.325 CD 
Phick-billed murre O15C Common murre 0.136 D 
Common murre O.132¢€C Thick-billed murre 0.090 D 
Bristol Bay 
Putted puttin 0) 266 4 Tufted puffin 0.423 4 
Common murre 134 B Black-legged kittiwake 0.204 B 
Black-legged kittiwake W.O21€ Common murre 0149 B 
Pribilof Islands 
Northern tulmiat WTA Black-legged kittiw ake 0.472 
Common murre 25 A Northern fulmar (3ST A 
Black-leyged kittiwake 0033 B Corimmon murre 0239 B 
Seward Peninsula 

Phick-billed niurre O lh A Black-legued kittiw ake 0365 4 
Common murre 141A Phick-billed murre 307 A 
Black-legged kittiw ake OOR3B Common murre 0.182 B 


‘Por each region. species means that do not share the same letter are significantly different (P< 0.05) from each other (DDE and PCB's 


considered separate ly 


this region were the only samples in which PCB's were not 
detected. Except for cis-nonachlor and toxaphene in the 
glaucous-winged gull eggs from the Aleutian Islands. the 
occurrence of other chemicals was near or above the over- 
all average. 

Almost all chemicals were consistently less common in 
black-legued kittiwake eggs than the average for all species 
(Table 3). Among the few exceptions to this pattern were 
the prevalence of many chemicals in the kittiwake eggs 
trom the Aleutian Islands, and the slightly higher-than- 
average occurrence of dieldrin in eggs from Bristol Bay 
and mirex in those from the Seward Peninsula. This is the 
only species in which residues of all 13 organochlorines 
were detected 

The frequency of residue occurrence in common murre 
eggs was usually less than the average for all species in 


each region (Table 3). However, in the Pribilof Islands 
DDD. DDT, dieldrin, and heptachlor epoxide oce urred 
more commonly in this species than the average ‘oc all 
species. Mirex and endrin were the only orgaaochlorines 
not detected in common murre eggs. 

In tufted puttin eggs. the frequency of many chemicals 
was notably higher than the average for all species (Table 3). 
For example, DDD, heptachlor epoxide, mirex, cis-chlor- 
dane, cis-nonachlor, HCB, and toxaphene were cem- 
monly detected in the tufted puffin eggs from the Galt of 
Alaska. and the frequency of DDD. mirex. and cis-chlor- 
dane was high in those from Bristol Bay 


Residue Concentration 


The differences in residue concentration among species 
were not distinct, in part because of the differences in 











species composition of egg collections, as well as in levels 
of exposure or other factors at the various sites. Mean con- 
centrations for all chemicals are presented in Appendix III, 
and selected comparisons are shown in Table 8. 

There were significant differences among species-mean 
DDE concentrations at seven sites (Table 8). At those sites, 
and at others where the differences were not significant, 
DDE residue concentrations usually were higher in eggs of 
glaucous-winged gull, tufted puffin, aorthern fulmar, and 
common murre than in those of other species, and usually 
were lower in eggs of black-legged kittiwake. thick-billed 
murre, horned puffin, and cormorant than in those of 
other species that were well enough represented in the 
samples to enable sound comparisons. 

Species-mean PCB concentrations were significantly 
different at nine sites (Table 8). Concentrations of PCB 
residues in eggs usually were higher in glaucous-winged 
gull and tufted puffin, and lower in common murre, 
black-legged kittiwake, and cormorant, than in most 
other species; however, this pattern was not consistent. 

Eggs of ancient murrelet and storm-petrel (both species) 
were compared only at Buldir Island; they contained 
higher mean concentrations of both DDE and PCB's than 
most other species sampled there. 

The PCB DDE ratio was usually lower (less than 2.0) in 
eggs of northern fulmar, glauous-winged gull, murre, 
and tufted puffin than in those of other species (Appendix 
I11). The ratio was much higher (often greater than 10.0) 
in black-legged kittiwake than in other species. 

Mean concentrations of other chemicals also often dif- 
fered significantly among the various species. Detailed in- 
sample size, number with residues, geo- 
metric mean, 95 confidence interval, and range) is pre- 
sented in Appendix II for each species and collection site. 
We collected at least five eggs per species for two or more 


formation (i.e., 


species at 1] sites. Statistical comparisons of species-means 
for each of these sites are summarized here and in Table 8. 

Hinchinbrook Island. — Residues of DDD. DDT, diel- 
drin, mirex, cis-chlordane, cis-nonachlor, and HCB were 
higher in tufted puffin eggs than in those of glaucous- 
winged gall or black-legged kittiwake. and for dieldrin. 
heptachlor epoxide, and cts-chlordane, levels in kittiwake 
eggs were significantly lower than those in the glaucous- 
winged gull eggs. Toxaphene was highest in glaucous- 
winged gull eggs, but there was no difference between the 
concentrations in kittiwake and puffin eggs. 

Middleton Island. — Residues of DDD, DDT. hepta- 
chlor epoxide, and oxychlordane were highest in common 
murre eggs and lowest in pelagic cormorant and black- 
legued kittiwake eggs. Cis-chlordane and toxaphene were 
significantly higher in pelagic cormorant eggs than in 
those of any other species, and cis-nonachlor in eggs was 
significantly higher in common murre than in glaucous- 
winged gull 

Kodiak Island 


of glaucous-winged gull than in black-legged kittiwake. 


Residues of DDT were higher in eggs 


and dieldrin was higher in mew gull and glaucous-winged 
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gull than in kittiwake. Heptachlor epoxide was higher in 
glaucous-winged gull eggs than in those of other species. 
HCB was higher in tufted puffin and black-legged kitti- 
wake than in either gull species, and toxaphene was higher 
in tufted puffin than in any of the other species. 

Ugaiushak Island.—DDD in eggs was significantly 
higher in tufted puffin than in any other species, and cis- 
chlordane was higher in tufted puffin than in murres. 
However, cis-nonachlor in common murres and HCB in 
thick-billed murres were higher than in the other species. 
Heptachlor epoxide was significantly higher in glaucous- 
winged gull eggs than in those of tufted puffins, and oxy- 
chlordane was higher in glaucous-winged gull eggs than in 
tufted puffin and common murre eggs. 

Semidi Islands. DDD in eggs was significantly higher 
in tufted puffins than in glaucous-winged gulls or northern 
fulmars; dieldrin and mirex were significantly higher in 
gulls than in either of the other species. Residues of DDT 
were higher in northern fulmar eggs than in gull or puffin 
eggs. Concentrations of heptachlor epoxide, cis-chlordane, 
and HCB in eggs were significantly higher in glaucous- 
winged gull and tufted puffin than in the fulmar. 

Shumagin Islands. —~ DDD and cis-chlordane were sig- 
nificantly higher in tufted puffin eggs than in glaucous- 
winged gull eggs, but there were no significant differences 
in residues among eggs of these species in any of the other 
chemicals. 

Buldir Island.— DDD, DDT, dieldrin, mirex, oxvchlor- 
dane, cis-chlordane, and toxaphene were significantly 
higher in eggs of fork-tailed storm-petrel than in those of 
Leach’s storm-petrel, ancient murrelet, or thick-billed 
murre. Toxaphene in eggs was also higher in Leach’s 
storm-petrels than in thick-billed murres, but there were 
no other significant differences among these species for 
these chemicals. Heptachlor epoxide and cis-nonachlor 
were higher in ancient murrelets than in any of the other 
species, and cis-nonachlor also was higher in eggs of 
Leach’s storm-petrels than in those of fork-tailed storm- 
petrels or thick-billed murres. However, the concentration 
of HCB in eggs was higher in thick-billed murre than in 
ancient murrelet 

Shaiak Island. — Mirex and cis-chlordane were signifi- 
cantly higher in tufted puffin than in common murre eggs. 
but there were no significant differences between those 
species for the other chen ‘cals. 

St. George Island. — Concentrations of DDD and hep- 
tachlor epoxide were higher in eggs of common murres 
than in those of northern fulmars, but levels of ox chlor- 
dane, cis-chlordane, and cis-nonachlor were higher in eggs 
of the fulmar than in those of the murre 

St. Paul Island. — Dieldrin, heptechlor epoxide. and 
HCB were significantly higher in common murre than in 
black-legged kittiwake eggs: oxvchlordane was higher in 
the kittiwakes than in the murres 

Bluff Seabird Cliffs. Concentrations of DDD. ox 
chlordane, and HCB in eggs were significantly higher in 
common murre than in black-legged kittiwake 
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Table 8. Mean concentrations (ppm, wet weight) of organochlorines in eggs of Alaskan seabirds, 1973-76. ranked by 
species within collection site and compound. Sites are included only if at least five eggs were collected for each of two 
or more species. Compounds are omitted if there were no significant differences (P< 0.05) among species at a particu- 





lar site 
Coeometric Coeomet ric 
Site, compound and species mean Site. compound and species meats 
Hinchinbrook Island Middleton Idand 

DDE DD 
Tufted puffin 0.408 A Common murre OMA 
Glaucous-winged gull O.277 A Claucous-winged gull OMOA 
Black-legged kittiwake 0.074 B Pelagic cormorant O1LHMB 

DDD Black-legged kittiw ake O47 B 
Putted puffin 0.033 A DDD) 

Glaucous-winged gull 0.007 B Common murre O33 A 
Black-legged kittiwake 0.004 B Clancous-winged gull OSB 

DDT Pelagic cormorant OSB 
Tufted puffin 0.025 4 Black-legged kittiw ake <(.001 B 
Slack-legged kittiw ake 0.002 B D1 
Claucous-winged gull ND° B Common murre val A 

Dieldrin Pelagic cormorant | (3 an B 
Dutted puffin 0.020 A Glaucous-winged gull 0.004 B 
Glaucous-winged gull 0.009 B an a rae = 
Black-legged kittiwake TaLisne Heptachlor epoxide 

Heptachlor epoxide Common murre Oll A 
Glaucous- winged gull OOlLA Claucow-wingsd gull . he , 
Pelagic cormorant 007 AB 
Pufted puffin OOLLA 
Black-legged kittiwake 0.003 B Black-legged kittiw ake ND B 

Mires Orxsv chlordane 
Tufted puttin OOl4A < ANGURERRENED MHNNATTN . vibes \ 
Black-legged kittiwake 0.002 B aera Sen ie —s 
Glancous-winged gull NDB Black-iequed kittiw ake a0 .AR 

Pelagic cormorant ow ¢ 

Oxvchlordane 
Tufted puffin VOLTA Cis-chlordane - 
Glaucous-winged gull 0.014 AB Arpnassiiiielahieas as 
Black-legved kittiw ake 0.009 B Clomirnen murre OO12IB 

Clancous- winged gull OOo128 

Cis-chlordane Black -lewwed kittiw ake WoL B 

Tufted puffin O23 A . 

Glancous-winged gull OOLLB Cis-nonachlor 

Black -legved kittiw ake OOO] ¢ aanaseaiee ait vi A 
Pelawic cormorant OOO5 AB 

(is-nonachlor Black-legued kittiw ake oO. AB 
Pufted puffin VOLTA Clancous-winged gull OOOLRB 
Glancous-winged gull O.OOLB 
Black-legged kittiw ake < 0.001 B sp esr 

Pelagic cormorant OST A 

HCB (Clomumnon murre HOLS B 
Pufted puttin OO36 A Clancous winged gull OOoT B 
(lancous-winged gull OOlOB Black-lewued hittin ake oo RB 
Black-legged kittiwake OOISB PCR. 

Toxaphene (Clomimmon mourre Lan A 
Glancous- winged gull OOLOA Cclancous-winged gull agp, A 
Biack-legued kittiw ake ND B Black leauwed kittiw ake HW OSU AB 
Pufted puffin ND B Pelawie cormorant 1) 4) B 

PCBs 
Dufted puttin O625 A 
Clancous-winged gull 461 A 


Black-legued kittiw ake 


0 2906 B 
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Table 8. Continued 


Site. compound and species 


Kendiak Island 
DDE 
Cs lauceous winged gull 
Mew gull 
Putted puttin 
Black-legged kittiw ake 


DDI 
Claucous-winged gull 
Mew gull 
Putted puffin 
Black-legged kittiw ake 


— 


Dieldrin 
Mew gull 
(Jlaucos-winged gull 
Putted puffin 
Black leyved kittiw ake 


Heptachlor epoxide 
Claucous-winged gull 
Putted puttin 
Mew gull 
Black-le vued kittinw ake 


HCB 
lutted puttin 
Black-legved kittiw ake 
CGlaucous-winged gull 


Mew gull 


oraphene 

Dutted puttin 
Clancous-winged gull 
Black-legved kittiw ake 
Mew gull 


PCBs 
Mew gull 
(jlancos- winged gull 
Black-lewved kittiw ake 
Putted puttin 


{ vainshak Island 
DDD 
Putted puttin 
(lancous-winged gull 
Coomnon mourre 


| bic k billed mwa6rre 


Heptachlor epoxide 
Clancous- winged gull 
| hic k billed mire 
Coomion miurre 
Putted puttin 


Oxvchlordane 
Clarcrns winged gull 
Phick-billed murre 
butted puttin 


Clhominnon tnurre 


Cceometric 


mean 


UHL A 
O.660 A 
0.339 AB 
OUTS B 


QOLLA 
0.005 AB 
0.002 AB 


<VWOOLB 


OO5 A 
0.025 Ae 
(016 AB 
0.006 B 


O25 A 
OO1ZB 
HOLOB 
OOOO B 


OOL4 A 
OIBA 
OOLLB 
NDC 


OS A 
OOO0S Be 
O05 B 
NDB 


122 B 
OHl ¢ 
0533 ¢ 


OQOLBA 
OOO5 B 
Oooo B 
NDB 


OolA 
OOo; AB 
Oow5 AB 
iw Be 


O21 A 
OOoLd AB 
Oop 
OOS B 


Site. compound and species 


Cis-chlordane 
Tufted puffin 
Glaucous-winged gull 
Thick-billed murre 


Common murre 


Cis-nonachlor 
Common murre 
Tufted puffin 
GClaucous-winged gull 
Thick-billed murre 


HCB 
Thick-billed murre 
Claucous-winged gull 
Tufted puffin 
Common murre 
PCB's 
Glaucous-winged gull 
Tufted puffin 
Thick-billed murre 
Common murre 


Semiadi Islands 
DDE 
Glaucous-winged gull 
Northern fulmar 
Tufted puffin 


DDD 
Tufted puffin 
CGlaucou-winged gull 
Northern fulmar 
DDT 
Northern fulmar 
CGlaucous-winged gull 


Tufted puffin 


Dieldrin 
Claucous-winged gull 
Northern fulmar 
Tufted puffin 


Heptachlor epoxide 
Clancous-winged gull 
Tufted puffin 
Northern fulmar 


Mires 
Claucous-winged gull 
Northern fulmar 
Tufted puffin 


Oras chlordane 
Northern fulmar 
Clancous-winged gull 
Pufted puttin 


Cis-chlordane 


Clancous- winged gull 
Putted puttin 
Northern fulmar 


Ceometric 
mean* 


OOIS A 


0.010 AB 
0.003 BC 


O02 C 


OOLLA 
0.006 Be 
0004 B 
NDB 


0.060 4 
0.031 B 
0.029 B 
0.027 B 


OMA 
O531LA 


0.259 AB 


16S B 


O5S59 A 
(.4S4 A 
0.162 B 


O23 A 
OOO B 
O.007 B 


OO4S A 
OOIS B 
O.00S B 


oo1l2 A 
OOO5 B 
OO0O4 B 


QOLLA 
iy A 


<UOOLB 


Onw A 
OMB 
omnes 


OURS A 
avosp~ A 
OOOO BR 


QOoly A 
oolaA 
NDB 
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Table 8. Continued 


C,cometric 


Site. compound and species nean* Mite, compound and species 
Hc Cw-chlordane 
Clauncous winged gull OU40A Fork-tailed storm-petrel 
Dutted puffin oug32A4 Leach’s storm petrel 
Northern tulmar OOS B Ancient murrelet 
PCR. Thick-billed murre 
(lances winged gull 741A Cu -nonachlor 
Northern ftulmar O44 B Ancient murrelet 
Diittes? porttin 0 283K Leach ’s storm petrel 
Fork-tailed storm-petrel 
Sinnagin IMands thick-billed mourre 
1d>1) 
Listtesd they oOim4a NCB 
Cla » sanameert 0002 R Tho k boalledt rtirre 
~ - Fork tailed storm petrel 
{ ws-chhordane- Leach s storm petrel 
Listtes! i! HoiIsS 4 Ancoent murrelet 
“— ines ES 0. oF Tonapohvetee 
Buleer | Fork-tailed storm petrel 
hy Leach ’s storm petred 
Ancjent murredet 
Ancient ephnhah bol oA Thack- billed cure 
bork tailed storm petre orp 
Leach’. torm-petrel iD 337 « PCBs 
Dheich tolled murre onmop Fork-tailed storm petrel 
DDD Ancient murrelet 
= Leach s storm petrel 
bork tailed ster peer 0.05 \ Thack balled reeirre 
Lact t mtr OOl; B 
Aeucioest ennseeveded oun RB Shaiak Idand 
Fhoiat -teallee? enneerve \DR Mires 
hit Dutted puttin 
bork tail ital 1A Cnr murre 
ro form peetre ooLoR Cw-chlordane 
Arctetat rrelet NDB Dutted puttin 
Phanchk balled oporre NDB Caannnieon murre 
Dyrchdirn MBs 
bark tanherd stew “tre Thi eae | | ittend pruttin 
few tou petred miweew Camm mpurre 
\ relet NDB 
, | re NDB M Corvergee Iheaned 
my) 
AT ' i" Cannes rre 
\ t meee Northern tulmas 
bork ta t ‘ mi h 
| ad : honk Pheqetachabon « le 
Phach till ADB —— ™ 
Northern tulear 
\I 
bok tatk , 4 Cdavctrhoorchare 
Io. ND Northern t , 
\ ot NDE . 
i ” ' NDR Cw chlordane 
i) Neorthe , " 
} ar ' . ma 4 (uw - tre 
! ! ' Ni BR ( ral t 
\ mK Northern toler 
" ‘ ‘ wil} { ‘ 


Ceometric 


mean* 


OOS3S A 
O.006 B 
0006 8B 
NDB 


O23 A 
OOIS RB 
ie ¢ 
ND ¢ 


OOD A 
0041 AB 
OOS AB 
ome BR 


ola 
oO50B 
(oh Re 
ND ¢ 


Le A 
OSQIUK 
(1) WIS ( 
ooaop 


(ike 4 
\DB 


omms | 
NDB 


aay \ 


ims Hh 
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Table S. Continued 


C,eometric 
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Ceometric 


Site. compound and species mean Site. compound and species mean 
St. Paul Idand Blutt Seabird Cliffs 
1D DDE 
seeders Geleatiee O133 A Common murre 141A 
Black-legged kittiw ake OOK Black-legged kittiw ake 0033 B 
Dieldrin DDD 
ences ena oo05 A Common murre OOLOA 
Black-legged kittiw ake <.001B Black-legged kittiw ake 0.001 B 
Heptachlor epoxide Ons chlordane 
(lommnon mourre OOLLA Common murre OM23A4 
Slack-lewged kittiw ake Om B Black legged kittiw ake OOO B 
Onxvchlordam HCK 
Black-legged hittin ake Ou A Common murre TILA 
{ curren murre 0026 B Black legued kittiw ake OO3LB 
Hck PCB's 
i cseameaiins eoeiaen ooNO A Black legged kittivw ake 0 M5 A 
Black legged kittiw ake Omsk Caamnmon mourre 0) IS2 B 
Mt 
Black legged kittiwak 4,24 
(iadiiaaik tinaet 0.205 B 
bor cach site. means that do mot share the same letter are sgnificantl different (P< 0.05) from each other each compound considered 
“Taratet* 
\D thet che tected in then samples 


Or trans nonachlor or both (se Veet hols 
\b il retleats 


Discussion and Conclusions 


Although the concentrations were usually low, the eggs 
from Alaska contained a broader array of organochlorines 
than has typically been reported in samples from remote 
locations. This larger number is probably a result of our 
analyzing the samples at a higher level of sensitivity than 
that used in most similar studies. Concentrations of DDE 
are usually higher than the concentrations of other or- 
ganochlorines in  field-collected specimens (Ohlendorf 
et al. LOTSb 
from Alaska. However, HCB occurred in most of the eggs 


This was generally also true of our samples 


we analyzed, and in concentrations that sometimes ex- 
ceeded those of DDE 
Islands and Seward Peninsula 
rence may mean that the primary source of HCB is in the 
or that HCB is entering the region 


particularly at sites in the Pribilof 
This widespread occur- 


northwestern Pacific. 
by wav of oceanic gvres. The high concentrations of 
organochlorines in eggs of all species from Buldir Island 
and in the glaucous-winged gulls from Bogoslof Island, 
which are relatively remote sites. probably means that 
birds nesting on these islands are obtaining these contami 
nants from sources outside Alaska 
In the following sections we review the literature on oc 


currence of organochlorines in northern seabirds, and the 


possible relation of food, migration, and winter distribu 


tion to the organ hlorine content of their evs 


Hhectioms in two vears with syniticant differences among vears: se Appendix HI 


Organochlorine Residues in Northern Seabirds 


Eggs of several species of marine birds collected in 1970 
from the Strait of Georgia, the west coast of Vancouver 
Island, and the Queen Charlotte Islands of British Colum- 
bia were analyzed for residues of organochlorines (Ohlen- 
dorf et al. 1978). The ratios of PCB to DDE in those eggs 
were often similar to ratios in the present samples from 
Alaska. Eggs of Leach’s storm-petrel from Vancouver Is- 
land contained somewhat higher concentrations of DDF 
(about 2.2 ppm, converted from lipid-weight basis) and 
PCB's (about 1.1 ppm) than did our samples of this species 
from Buldir Island. In the only two eggs of fork-tailed 
storm-petrel from the Queen Charlotte Islands that were 
analyzed, concentrations of DDE (4.1 ppm) and PCB's 
(15 ppm) were much higher than in eggs from Alaska 

Concentrations of DDE (0.5 and 0.8 ppm) and PCB's 
(2.6 and 5.4 ppm) in eggs of pelagic cormorant from two 
locations in the Strait of Georgia (("ilendorf et al. LOTS) 
were several times higher than those in egys from Middle 
ton Island and Buldir Island in Alaska. Residue concen 
trations in egys of double-crested cormorant were much 
higher (4.1 ppm DDE, 14 ppm PCB's) than in Alaskan 
samples 

Organochlorine concentrations in eggs of glaucous 
winged gulls from various Strait of Georgia. Vancouver 
Island, and Queen Charlotte Islands locations (Ohlendort 
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et al. L9TSH) were. in general. similar to those in eggs from 
Alaska. The most frequent difference was that concentra- 
tions of PCBs in the eggs from British Columbia were 
sighth higher than in those from Alaska 

White and Risebrough (1977) analvzed eggs and tissues 
of several seabird species trom Amchitka and Agattu 
Aleutian IMands); however. because of variations in the 
manner of reporting residue concentrations and the small 
sample sizes, it is difficult to make direct comparisons 
between our results and theirs. Thev suggested that local 
sources of PCB contamination (including the disposal of 
PCB-contaiming refuse on beaches) appeared to be a more 
plausible source of PCB's in Alaskan birds than did atmos- 
pheric or oceanic transport of these chemicals from Japan 
In a small sample of representative prev species oft pere 
grine taloons (Falco peregrinus) from Amchitka. concen- 
trations of DDE in the migrant prev species averaged 2.8 
times greater than in resident species sampled (White 
et al. 1973 

byys of cleven species of marine and estuarine birds 
were collected in Oregon during 1979 (C. J. Henny et al... 
inpublished data). Seven species showed geometric mean 
concentrations of DDE that were less than 1 ppm, and 
mean concentrations of PCB's in eight species were below 
1 ppm 

Concentrations of DDE (about 41 ppm. converted from 
concentrations reported on a lipid-weight basis) and PCB's 
about 23 ppm) in eggs of common murre from the Faral 
lon Islands. California (Gress et al. 1971) were about two 
orders of magnitude higher than in eggs of either species ol 
1073) re 


Cee anodroma 


murre trom Alaska. Coulter and Risebrough 
portcd that eggs of the ashy storm-petrel 
homochroa) trom that site also contained higher concen 
trations of DDI 


than did eggs of either species of storm-petrel from Alaska 


about 62 ppm) and PCB's (about 38 ppm 


The Farallon Idands are relatively near local sources of 
pollution that may have contributed some of the organo 
chlorines found in egys of these seabirds 

A comparison of DDE and PCB concentrations in eggs 
A. Sproul 


and our samples trom Alaska 


of several species of seabirds from loeland (J 
vt al unpublished data 
suuvests somewhat higher concentrations of residues 
espectally PCBS in the Loelandic birds) Concentrations 
{PC Bsin the eggs from Leeland were sometimes an order 
and the 


ratio of PCB to DDE was often two to tour tines that in 


4 magnitude higher than in those from our studs 
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books he phass f eben r related 


species We analyzed. However, the ratios of PCB to DDE 
were simila. to those for eggs from Alaska. 

Concentratio: s of DDE and PCB's in eggs of black- 
legged kittiwake and common murre were considerably 
higher along the coasts of the British Isles (Parslow 1973) 
than in Alaska. The ratio of PCB to DDE in murre eggs 
ranged from 5.0 to 8.9. In kittiwakes the concentration of 
PCB's was 18 to W times that of DDE in the eggs. The 
mean conceitration of PCB's was usually higher in kitti- 
wake than in murre eggs. but DDE concentrations were 
much higher in murre eggs at all colonies. Parslo.. (1973) 
suggested that these differences were related to differences 
in the birds feeding ecology and consequently to different 
levels of exposure to each of these organochlorines. In 
Britain, murres seemingly feed on small fish in the inshore 
marine zone throughout the vear, whereas kittiwakes feed 
mainly on macrozooplankton living on or near the surface 
in offshore and pelagic zones 

Among more than 100 birds collected from the open 
North Atlantic between Scotland and the Arctic (Bogan 
and Bourne 1972; Bourne and Bogan 1972), the total 
organochlorine content in muscle and liver of the auks and 
the few shearwaters examined was generally low —0.1- 
1.0 ppm (wet weight’). Concentrations were higher (gen- 
erally 1-10 ppm) in the more pelagic species, including the 
black-legged kittiwake. northern fulmar. and British 
storm-petrel (Hydrobates pelagicus). The highest concen- 
trations, often above 10 ppm, were found in large gulls 
and skuas feeding largely around trawlers in the winter 
and seabird breeding colonies in the summer. The highest 
concentrations were found in glaucous gulls (Larus hyper- 
horeus) breeding near other seabird colonies, where thes 
apparently fed largely on eggs of other seabirds. 

The ratio of PCB to DDE was usually between 2 and 10 
to Lin all species except black-legved kittiwake, in which 
the ratio was always higher (sometimes at least 60 to 1). 
This finding suggested to Bogan and Bourne (1972) that 
kittiwakes have a food source higher in PCB's than the 
food of the other species. that winter distribution of the 
species is different. or (less likely) that kittiwakes metabo- 
lize or excrete DDE more rapidly than the other species 

Phe concentration of DDE in five Atlantic puffin eggs 
collected on St Kilda Ohiuiter Hebrides, Scotland) in 1969 
averaged O18 ppm — about one-third the concentration 
0.47 ppm) in whole birds (Parslow et al. 1972). PCB's in 
these ¢ tS app are nth, did not exceed 0.5 pp These con 
centrations are similar to those we found in eggs of puffins 
from A’aska 

Residues of DDE and PCB's occurred in each of 203 sea 
bird evys collected from 10 localities along the coast of 
Norwas by Fimreite et al (1OT7 
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PCB concentrations were significa:.dy correlated with 
these of DDE in practically al! groups. The PCB concen- 
trations, however. exceeded the DDE concentrations in all 
species by a factor that varied from 2.7 in murres to 7.8 for 
kittiwakes. 


Food of Species Samples 


Differing food of the species we sampled may account 
for some of the differences in residue concentrations. Ain- 
lev and Sanger (1979) reviewed the literature published 
through early 1975 on diets of seabirds of the northeastern 
North Pacific Ocean and Bering Sea. and diets of several 
species have been studied more recently at certain sites 
within the region. We briefly summarize here what is 
known about food in relation to organochlorine contami- 
nants for the principal species in our study. Information is 
often based on food brought to the chicks before thes 
fledge, but some adults and winter specimens have been 
collected for study. Most seabirds feed as secondary and 
tertiary carnivores and eat more than one type of pres 
(Ainley and Sanger 1979). The major prev species for most 
seabirds vary by season and location, but there is little in- 
formation about the diets of seabirds while thev are 
nomadic (Shuntov 1972). 


Northern Fuimar and Storm-petrels 


The northern fulmar and fork-tailed and Leach’s storm- 
petrels appear to be medium-sized and small surface-feed- 
ing generalists (opportunists) that eat whatever they can 
find (Palmer 1962: Ainley and Sanger 1979). Thev are 
principally secondary and tertiary carnivores and scaven- 
gers, feeding over outer portions of the continental shelf 
and in oceanic waters bevond. Typical foods include live 
and dead fish, squid, coelenterates, crustaceans (especially 
Euphausiidae), other organisms, and floating oil or 
blubber from wounded or dead marine mammals. Pearce 
et al. (1979) suggested that eggs of Leach’s storm-petrel 
from eastern Canada contained high concentrations of 
organochlorines because petrels feed at the interface of the 
air and water where these chemicals first reach the oceans 
and where they may be held on the surface by a thin oils 
film 


(Cormorants 


Cormorants are secondary and tertiary carnivores and 
feed relatively close to shore (Ainleys and Sanger 1979) 
Double-crested cormorants are primarily piscivorous, 
feeding particularly on schooling fishes that occur at 
moderate to great depths. Pelagic and red-faced cor- 
morants feed more heavily on benthic fish and decapod 


crustaceans (see also Palmer 1962 and Hunt 1977) 


CGlaucous-winged Gull 


Glancous-winged gulls are secondary. tertiary. and 
upper-level carnivores and scavengers in nearshore habi- 
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tats (Ainley and Sanger 1979). This species, like other 
gulls, is an omnivorous opportunist (Trapp 1979). At four 
locations in the western Aleutian Islands glaucous-winged 
gulls fed on a large variety of organisms, but at any given 
site they specialized on the species that were most abun- 
dant and vulnerable. Inter-island differences in diet 
seemed related to island physiography, the available food 
source, and the effects of sea otters (Enhydra lutris) on the 
structure of the nearshore community. At Alaid-Nizki and 
Agattu, glaucous-winged gulls fed primarily on intertidal 
invertebrates; at Buldir and Semisopochnoi the principal 
food was birds; and at Little Kiska the primary prey was 
tish. Glaucous-winged gulls have also been observed eat- 
ing the eggs and young of murres at Bogoslof Island 
(Gabrielson and Lincoln 1959; Murie 1959; G. V. Byrd, 
personal communication cited in Trapp 1979). (However, 
at certain times they feed heavily on walleve pollock 
| Theragra chalcogramma) at Bogoslof Island, as observed 
by G. J. Divoky and G. V. Byrd [unpublished data].) 
These locality differences — particularly the high propor- 
tion of birds in the diet of gulls at Buldir and Bogoslof 
islands— may account for the higher concentrations of 
organochlorine residues in gull eggs from those sites. 

Moe and Day (1979) reported that in the Shumagin Is- 
lands, birds (or their eggs) and marine invertebrates 
(mainly intertidal) were the predominant items in food 
pellets regurgitated by glaucous-winged gulls. These 
authors believed that fish might have been under-repre- 
sented in the pellets because they were more readily di- 
gested and therefore not cast in pellets. 

At Kodiak Island. glaucous-winged gulls ate a greater 
variety of prey than did black-legged kittiwakes or tufted 
puffins (Baird and Hatch 1979). Capelin (Mallotus villo- 
sus) and Pacific sand lance (Ammodytes hexapterus) were 
predominant prey species, and their relative abundance in 
the area apparently was reflected in the diet. At 
Ugaiushak Island, glaucous-winged gulls fed primarily on 
sand lance in July and August in 1977 (Wehle 1978). 


Black-legged Kittiwake 

Black-legged kittiwakes evidently feed opportunisti- 
cally. but become specialists if suitable prey is abundant 
(Drury 1978). Kittiwakes feed at or near the surface: their 
food varies among the regions of Alaska where studies 
have been conducted. 

In the northwestern Gulf of Alaska. kittiwakes are pri- 
marily piscivorous. At Kodiak Island they feed heavily on 
capelin early in the summer, but sand lance replace cape 
lin as the principal food before the voung have fledged 
(Baird and Moe LOTS: Sanger et al. 19TS@. L9TSb: Baird 
and Hatch 1979: Krasnow et al. 1979). Euphausiid crus- 
taceans (especially Thysanoessa inermis) are important 
pres early in the nesting seasons. At Middleton Island, fish 
(predominantly sand lance) composed almost SO of the 
diet in 1978 (Hatch et al. 1979); euphausiids made up most 
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of the rest of it. Kittiwakes nesting ia lower Cook Inlet in 
1978 fed their chicks almost exclusively fish (Jones and 
Petersen 1979). Sand lance was the predoniinant prey 
species and capelin was secondary in importance. 

Kittiwakes in the southern Bering Sea have a varied diet 
and do not feed heavily on any single species. In the north- 
ern Bering Sea and Chukchi Sea, birds of different colonies 
eat different foods, but capelin is not usually an important 
prey species (Hunt 1977; Biderman et al. 1978; Divoky 
1978; Drury 1978; Springer and Roseneau 1978; Ramsdell 
and Drury 1979; Springer et al. 1979). For some colonies, 
sand lance become an important food source in early 
August while the voung are still in the nest. In the north- 
ern Chukchi Sea and in Beaufort Sea, kittiwakes eat pri- 
marily arctic cod, Boreogadus saida (G. J. Divoky, unpub- 
lished data) 

Kittiwakes wintering in Monterey Bay, California, and 
which probably breed in Alaska, feed heavily on squid 
(Loligo opalescens) during the winter, but thev also eat 
anchovies (Engraulis mordax) and euphausiid crustaceans 
(Morejohn et al. 1978) 

We found no apparent dietary differences in kittiwakes 
(compared with the other species we studied) that would 
account for the much higher PCB to DDE ratio we have 
reported. (As we noted previously, kittiwakes have low 
concentrations of DDE, rather than high concentrations 
of PCB's, that cause the ratio to be higher than in other 
species.) Perhaps physiological differences or other factors, 
such as concentrations of organochlorines in their winter 
prey, may be involved 


Murres and Puffins 


Murres and puffins feed heavily on fish, mainly species 
that school in midwater (Ainley and Sanger 1979). Like 
many other species, these birds are opportunistic, feeding 
rather heavily at times on cephalopods and crustaceans, 
particularly nektonic forms. Morphological differences 
between the two murre species suggest that thick-billed 
murres feed on benthic organisms much more than do 
common murres, and that the common murre is the more 
piscivorous (Bedard 1969; Spring 1971, see also Hunt 1977 
and Springer and Roseneau 1978). However, when the 
two murres feed together along the Ber ng Sea ice “front.” 
their diets are similar (Divoky 1978), oth then feed pri- 
marily on walleye pollock, capelin, bwperiid amphipods 
(Parathemisto libellula), and euphausiid crustaceans that 
are among the more abundant potential prev available in 
the area 

In the Kodiak Island area and on Ugaiushak Island. 
common murres were exclusively piscivorous and tufted 
puffins were largely so during the summer of 1977 (Sanger 
etal. 19TSb; Wehle 1978). Capelin was the most impor- 
tant prev species; euphausiid crustaceans and squid were 
taken seasonally. The following vear both species fed 
largely on fish in the Kodiak area; capelin and sand lance 
were the principal forage fishes for each species (Krasnow 


et al. 1979). Common murres also fed extensively on wall- 
eye pollock; fish made up 98% of the diet. 

Common murres in Kachemak Bay, Alaska, fed much 
less extensively on fish (from November 1977 to April 
1978) than they did in the Kodiak area or at other sites 
where their food has been studied (Sanger and Jones 1981). 
Crustaceans made up 84% of the diet in the Bay; shrimp 
(Pandalidae) and mysids (Neomysis rayii) were the most 
important prey. In marked contrast, fish were the most 
important prey at other locations. However, these findings 
may reflect seasonal differences in diet: in summer, 
murres are almost exclusively piscivorous in the Kodiak 
area (Sanger et al. 1978b; Krasnow et al. 1979) and in the 
Bering Sea (Hunt 1976; Ogi and Tsujita 1973). 

Thick-billed murres in the northern North Pacific 
Ocean feed primarily on squid and euphausiids (Ogi 1978). 
Squid are the most important prey, and fish are less impor- 
tant than invertebrates. 

Tufted puffins feed primarily on capelin and sand lance 
in the Kodiak area during summer (Baird and Moe 1978: 
Moe and Baird 1978; Baird and Hatch 1979). Capelin was 
the most important prey species in 1977 but the puffins ate 
more sand lance in 1978, apparently because capelin were 
less abundant. Other species of fish made up most of the 
rest of the diet, but some cephalopods (less than 57 of the 
diet) and euphausiids were eaten. 

Although tufted puffins at Middleton Island in 1978 ate 
principally sand lance, they also fed extensively on squid 
and octopus, which made up 36% of the diet (Hatch et al. 
1979). These cephalopods were probably obtained in 
deepwater foraging areas beyond the continental slope, 
some 15 to 25 km from the nesting area. 

In 1978, horned puffins nesting in lower Cook Inlet 
apparently fed their chicks only sand lance Jones and 
Petersen 1979). Sand lance also was the predominant food 
for horned puffin chicks in the Shumagin Islands in 1976, 
constituting 70° of the diet; capelin made up 20% (Moe 
and Day 1979). The relative importance of these two 
species shifted during the two and one-half week sampling 
period in August: consumption of sand lance increased 
and that of capelin decreased 

Both tufted and horned puffins on Buldir Island during 
the summer of 1975 fed primarily on squid and sand lance 
(1D. HS. Wehle, personal communication). In the Barren 
Islands they both feed primarily on capelin and sand lance 
(Amaral and Manuwal 1978, Manuwal and Boersma 
1978); several other fish species compose most of the rest of 
the diet 

Although the diets of murres (especially common 
murzes) and puffins consist primarily of fish, the specitic 
prey species and their relative importance in the diet 
change seasonally and geographically. Murres and puffins 
also eat invertebrates in large numbers when they are 
available. However, the diets of these birds are not known 
in sufficient detail to eneble us to determine whether thes 
might account for differences we found in organochlorine 


residue content in their ers 
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Migration and Winter Distribution Both spring and fall movements are more restricted for 
the red-faced cormorant, which is resident throughout 
Species differences in winter distribution and migration most of its breeding range (Dement’ev et al. 195la; 
patterns may account for differences in residue concentra- — Gabrielson and Lincoln 1959; Gill et al. 1979). However, 
tions. There are insufficient data to accurately describe —_ »bservers have much difficulty in distinguishing between 
the migrations of most marine birds in Alaska (Gill et al. _ red-faced and pelagic cormorants in winter plumage, and 
1979), but an attempt is made here to summarize the large numbers of red-faced cormorants may migrate to 
available information. The habits of intensively hunted North Pacific coastal waters where they are mixed with 
and managed species and populations of waterfowl are pelagic cormorants (Gill et al. 1979). 
somewhat better known, but the migrations of most alcids 
and cliff-nesters are poorly known, primarily because of | Glaucous-winged Gull 
their tendency to disperse randomly from colony areas 
after breeding. There are few recoveries of seabirds 
banded in Alaska for any of the species we studied. For 
each species except the glaucous-winged gull, there are 
fewer than five recoveries, and even for the gull fewer 
than 200 recoveries had been reported to the U.S. Fish and 
Wildlife Service Bird Banding Laboratory by September 


Glaucous-winged gulls spend the winter from the area 
of Kamchatka eastward throughout the Aleutian Islands, 
the Gulf of Alaska, and southward along the coast to 
southern Baja California, the Gulf of California, and 
Sonora (Dement'ev et al. 1951b; Gabrielson and Lincoln 
1959). The birds are year-round residents in most of the 
breeding range, withdrawing largel, from the more 


GSO 
northern areas in winter but wintering regularly through- 
Northern Fulmar out the Aleutians and the Pribilofs and abundantly farther 
th. 
Most northern fulmars apparently overwinter within arw . - ; , 
As judged by recoveries of birds banded in Alaska, some 


several hundred kilometers of their nesting colonies, but 
move away from shore into the open oceans (Dement’es 
etal. 195lc; Shuntov 1972). Some, however — perhaps 
mostly juveniles and unmated adults— wander far north 
and south, vear round. The winter range of the northern 
Pacific Ocean breeding population extends from the Aleu- 
tian Islands southward to Japan and Baja California 
(Dement’ev et al. 195lc: Gabrielson and Lincoln 1959; 
Palmer 1962, Shuntov 1972) 


glaucous-winged gulls from the western Aleutian Islands 
migrate to the vicinity of Kamchatka and southward to 
Japan. Along the North American coast, most winter re- 
coveries are from British Columbia. Some recoveries of 
birds banded in Alaska have been reported from Cali- 
fornia, but none from areas farther south. 


Black-legged Kittiwake 


Pacific populations of the black-legged kittiwake breed 
Storm-petrels along coastal cliffs of Siberia and Alaska and wander 
about the open ocean in two major wintering areas: 
(1) south of the Aleutian Islands and east of Japan, and 
(2) along the coast from British Columbia to Baja Cali- 
fornia (Dement’ev et al. 1951b; Gabrielson and Lincoln 


Fork-tailed storm-petrels disperse far north and south 
from their nesting sites (Palmer 1962). Through the winter 
they remain relatively near coastal areas from Japan to the 
edge of frozen seas in the vicinity of the Bering Strait, 
throughout the Aleutian Islands. and southward along the 1959: Shuntoy 1972; Gill ct al. 1979). Few kittiwakes win- 
North American coast to California (Dement’ev et al ter in the Gulf of Alaska or in the southern Bering Sea 


1951¢; Gabrielson and Lincoln 1959; Palmer 1962). The — (Kenyon 1949; Shuntov 1972). However, it is still un- 
known where specific breeding populations winter (Gill 
et al. 1979). For the eastern Bering Sea population there is 
a broad and gradual movement from breeding colonies to 
wintering areas south of the Aleutians, whereas popula- 
tions from the Gulf of Alaska are believed to have a more 


winter distribution of Leach’s storm-petrels in the Pacific 
Ocean is not well known, but the birds presumably occur 
in the open ocean near their nesting grounds (Gabrielwm 
and Lincoln 1959) or concentrate along tropical cmver- 
gences from Japan to Baja California (Dement’ev et al 


1951e: Palmer 1962) narrowly channeled movement along the continental shelf 
on the east side of the Pacific to their wintering areas south 
Cormorants of British Columbia. 


Migratory movements for all species of cormorants are 


poorly known, for they are among the first to arrive at Murres 

breeding cliffs and among the last to depart (Gill et al There is no evidence of regular migratory movements 
1979). Northern breeding populations of the pelagic cor- by common murres or thick-billed murres, except in the 
morant are migratory and southern populations are resi northern part of the range (Gabrielson and Lincoln 1959) 
dent (Dement’ev et al. 195la: Gabrielson and Lincoln Apparently. only breeding populations in the Chukchi and 
1959: Palmer 1962; Gill et al. 1979). Wintering areas in northern Bering scas have wel! defined migration routes to 
clude the Pribilof and Aleutian islands and North Pacific and from the breeding grounds (Gill et al 1479). The 
coastal waters more southerly, populations, especially those breeding in 
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the Gulf of Alaska and in the Bering Sea south of winter 
ice advance. are believed to move randomly from colonies 
and assume a pelagic existence in winter, usually over the 
continental shelf, with some birds moving into the pro- 
tected waters vi southern Alaska (Cabrielson and Lincoln 
1959). In the southern Bering Sea, winter populations as- 
sociated with the ice edge have been described as having 
the greatest densities of any throughout the murres’ winter 
range (Shuntov 1972; Divoky 1977). and are probably 
composed chiefly of birds breeding throughout the Bering 
Sea. However, a substantial populatio:. of Bering Sea 
breeders do not winter in the area but migrate through 
Unimak Pass into the Gulf of Alaska each fall (Cuil et al. 
1979) 


Tufted Puttin 


The tufted puttin. like most alcids. has no well-defined 
migration (Gill et al. 1979). Instead, it disperses over the 
open ocean, usually off the continental shelf in the south- 
ern Bering Sea and oceanic areas south of Alaska, after 
breeding (Dement’ev et al. 195le: Shuntov 1972; Sowls 
et al. 1978; Gill et al. 1979). The species is resident except 
in the areas north of the Aleutians. from which it with- 
draws to the south (Gabrielson and Lincoln 1959) 


Summary 


rds indicate on a broad scale that Alaskan waters, 
and its roarine fauna, are evidently contaminated with 
organochlorine pollutants. However, more specific intor- 
mation concerning migration, food, and physiology of 
these species and the occurrence of organochlorines in food 
organisms is needed to indicate pollution relationships for 
local areas. The widespread occurrence of DDE and 
PCB's in the environment, including remote areas of the 
arctic and antarctic. has been documented previously. In 
addition to those compounds, we found a broad array of 
other organochlorines in eggs of Alaskan seabirds. This 
finding indicates that Alaskan weabirds are exposed to thes 
chemicals, probably through their food. and that. the 
chemicals are probably not uniformly distributed in the 
areas we sampled or in those used by these seabirds in 
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Site 


Copper River Delta 


Hinchinbrook Island 


Middleton Island 
Barren Islands 


Amalik Bay 


Kodiak Island 


Ugaiushak Island 


Semidi Islands 


Shumagin Islands 


Cis-chlordane 
Cis-nonachlor 
p.p-DDD 
p.p'-DDE 
p.p-DDT 
Dieldrin 


Endrin 


HCB 


Heptachlor epoxide 


Mirex 
Oxvchlordane 


PCB (polychlorinated 


biphenyls) 
Toxaphene 
Trans-nonachlor 
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Appendix I 


Collectors of Alaskan Seabird Eggs, 1973-76 


Collector Site Collector | 

S. M. Patten Bogoslof Island G. J. Divoky 
Buldir Island G. V. Byrd 

P. M. Knudtson D. H. S. Wehle 

D. R. Nysewander 

D. A. Frazer Attu Island E. P. Hoberg 

D.A. Manuwal Round Island J. C. Bartonek 

G. J. Divoky Shaiak Island J. C. Bartonek 

G. J. Divoky 

M. H. Dick St. George Island ]. J. Hickey 

J. Nelson 

G. A. Sanger 

E. P. Hoberg St. Paul Island G. L. Hunt, Jr. 

D. H. S. Wehle M. W. Hunt 

G. C. Burrell Bluff Seabird Cliffs W. H. Drury 

S. A. Hatch King Island W. H. Drury 

L. L. Leschner 

R. H. Day 

R. A. Moe 


Appendix II 


Chemical Names of Compounds Mentioned in the Text 


1-exo,2-exo,4,5,6,7 .8,8-octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methanoindene 

1 -exo,2-exo,3-ex0,4,5,6,7 8,8-nonachloro-2,3,3a.4,7,7a-hexahydro-4.7-methanoindene 

| .1-dichloro-2,2-bis(p-chloropheny] jethane 

1 .1-dichloro-2,2-bis(p-chlorophenyl ethylene 

1.1, 1-trichloro-2,2-bis(p-chlorophenyl)ethane 

1 ,2.3.4,10,10-hexachloro-6,7-epoxy-1,4,4a,.5,6,7 8 8a-octahydro- 1 .4-endo-exo0-5,8- 
dimethanonaphthalene 

1 .2,3,4,10,10-hexachloro-6,7 -epoxy-1.4,4a,5.6,7 .8,8a-octahydro- 1 .4-endo-endo-5,8- 
dimethanonaphthalene 

hexachlorobenzene 

1.4,.5.6.7.8.8-heptachloro-6,7-epoxy-3a.4,7 .7a-tetrahydro-4.7-methanoindane 

dodecachlorooctahydro- | .3.4-metheno-1H-cyclobuta [cd |pentalene 

l-exo,2-endo,4.5,.6.7 .8.8-octachloro-2,3-epoxy-2,3,3a.4.7 7a-hexahydro-4.7- 
methanoindene 

Mixtures of chlorinated bipheny] compounds having various percentages of chlorine. 


Chlorinated camphene (content 0. combined chlorine, 67-69% ) 
1-exo,2-endo,3-exo.4.5,.6,7 .§.8-nonachloro-2,3,3a.4.7,7a-hexahydro-4 7 -methanoindene 
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Appendix III 


Organochlorine Residue Concentrations (geometric mean, 95% confidence interval [CI], 
and range) in Eggs of Alaskan Seabirds, by Species, 1973-76 


residues of these -hemicals in samples from 1976 were 
combined to facilitate ,. sentation of data (see Methods). 
Chemicals not listed for a particular locality were not de- 
tected in eggs of that species from that locality; ND = not 
detected. 


Lipid content of the eggs is given as mean and SE. The 
lipid percentages reported here may not represent the nor- 
mal content of fresh eggs, because some eggs contained 
embryos at various stages of development and minor de- 
composition may have occurred in some eggs. Cis-chlor- 
dane was not separable from trans-nonachlor in 1973-75; 


Residues in ppm (wet weight) 





Region. site: N. vear, and PCB DDE; and chemical No. with residues Mean 95° Cl Range 
A. Common loon (N= 1; lipid content = 5.20%) 
Gulf of Alaska 
Kodiak Island 
N =1; 1975; 2.0 
DDE l 0.550 
DDD l 0.012 
DDT I 0.015 
Dieldrin l 0.023 
Heptachlor epoxide ] 0.013 
Mirex l 0.009 
Oxvchlordane l 0.015 
Cis-chlordane l 0.065 
(is-nonachlor ] 0.009 
HCB l 0.02] 
Toxaphene l 0.120 
PCBs l 1.10 
B. Northern fulmar (N = 22: lipid content = 7.67 + 0.33%) 
Gulf of Alaska 
Semidi Islands 
\ 16: J076:, 1.0 
DDE 16 (). 484 0 2640.75 0.19-2.8 
DDD 12 0.007 0.004-0,010 ND-O.O19 
DD] 16 0.048 0.032-0.065 0.005-0.13 
Dieldrin s 0.005 0.00240. 007 ND-OLO16 
Heptachlor epovice | <0.00] 0-0. 0007 ND-0.004 
Mires q 0.004 00002-0006 ND-OOLO 
Oxvchlordane 16 0.033 0.026-0.04] 0.015-0.063 
HcR 1] 0.008 0005-001] ND-OLOIS 
PCBs 16 (). 484 0 36-0.62 2.1.9 
Pribilot Islands 
St. George Island 
N 6. 1975. 1.3 
BB) 6 0 M7 0 19-0 44 0 14-0.45 
Dp 5 () OWS OOO2 0.013 ND-OOLS 
I] 6 Oo OOOT-0.029 (O06-0.04] 
Dieldrin 5 OOS OOO30 O13 ND-OO15 
Heptachlor epoxide 3 O05 OOO] ND-0.013 
Mires 3 one 00006 N10 008 
Orxvchlordan f) 67 O02} 12 MIT OO V4 
Cis-chlordan 9 TAL O00 OO VDO00005 
Cis-nonachlor 9 OO} O07 ND OOS 
Heck 6 W055 OO8300077 0 028-0089 
Loxvaphven f WO5] OOS 074 OO20-00 08] 
PC Bs ¢ 0) 387 0 106] 0 648] 
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Appendix III. Continued 


Region: site; N. vear, and PCB DDE: and chemical 


Residues in ppm (wet weight) 


No. with residues Mean 


C. Fork-tailed storm-petrel (N = 11; lipid content = 7.17 + 0.37%) 
Gulf of Alaska 

Barren Islands 
N = 4; 1976; 2.2 


DDE 4 0.700 
DDD 4 0.155 
DDT 4 0.072 
Dieldrin 4 0.020 
Heptachlor epoude 2 0.007 
Mirex 3 0.044 
Ox chlordane 4 0.084 
Cis-chlordane 4 0.049 
Cis-nonachlor 3 0.012 
Hick 4 0.020 
PCBs 4 1.51 
Aleutian ands 
Buldir Iand 
N =7: 1975; 2.8 
DDE 7 0.602 
DDD 5 0.157 
DDT 6 0.140 
Dieldrin 4 0.032 
Heptachlor epoxide 2 0.001 
Mirex 7 0.026 
Ox. chlordane 7 0.059 
Cis-chlordane 7 0.053 
Cis-nonachlor 4 0.004 
HCB 7 0.041 
Toxaphene 7 0 101 
PCBs 7 1.69 
D. Leach’s storm-petrel (No = 11: lipid content = 9.54 2 0.38%) 
Alentian Islands 
Buldir Island 
\ 11. 1974, 15 
DDE 1] 0). 337 
DDD 7 O.O1F 
DT 7 V.O19 
Dieldrin 3 0 002 
Heptachlor epaonxice l <0.001 
Ox chlordane 7 0.016 
Cis-chlordane ‘ 0 006 
Cis-nonachlor 10 OLS 
HC ll 01S 
Loxaphene 1] OoO50 
Mt BR. 1] () SOS 
Double-crested cormorant (No = 7: lipid content = 1.4 t 0.34%) 
C,ultot Alaska 
t vaiishak hand 
\ 1104.14 
DIDI j O80) 
Heartactleor eaeovich 2 000% 
Oxvchlordane 3 OT 
HOR i O13 
| j idl 


95% CI 


0.40-1.1 
0.12-0.19 
0-0.16 
0.004-0.036 
0-0.020 
0-0.12 
0.077-0.091 
0.015-0.085 
0-0.029 
0-0.042 
1.1-2.0 


0.51-0.70 
0.043-0.28 
0.040-0.25 
0-0.073 
0-0.003 
0.014-0.039 
0.036-0.082 
0.038-0.068 
0-0.009 
0.036-0.045 
0.040-0.17 
14-21 


0.23-0.45 
0.005-0.028 
0.006-0.032 
0-0. 005 
-0.002 
0 037 
YW OO38-0 0049 
(OOS-L017 
OO11-0.024 
0033-0066 

0 36-068 


07 30-0 OSS 
WOOLF 
WOOP 

OOP), OOors 


O42 Oo [8 


Range 


0).48-0.89 
0.14-0.19 
0.018-0.15 
0.010-0.029 
ND-0.016 
ND-0.11 
0).079-0.090 
0.021-0.068 
ND-0.025 
0.005-0.036 
1.2-1.9 


0.43-0.70 
ND-0.28 
ND-0 31 
ND-0.099 
ND-0.004 
0).003-0.044 
0).021-0.098 
0.026-0.072 
ND-0.013 
0.034-0.047 
0.039-0.25 


1.2-2.3 


014-074 
ND-0.052 
ND-0.052 
ND-0.010 
ND-0006 
ND-O.11 
ND-0.012 
ND-0.024 

0 009-0 042 
0024-0 )] 
Odd 


OOF 4-00 0895 
NDOOL3 
NDO0O 

Hol) oo}4 

O40 17 
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Appendix III. Continued 


Region; site: N, year, and PCB DDE; and chemical 


Bristol Bay 
Shaiak Island 
N = 3; 1973; 1.0 

DDE 
DDD 
Dieldrin 
Heptachlor epoxide 
Oxvchlordane 
Cis-nonachlor 
HCB 
PCB's 


F. Pelagic cormorant (N = 13; lipid content = 3.05 + 0.20%) 
Gulf of Alaska 
Middleton Island 
N = 11; 1976; 2.2 

DDE 
DDD 
DDT 
Dieldrin 
Heptachlor epoxide 
Oxvchlordane 
Cis-chlordane 
Cis-nonachlor 
HCB 
Toxaphene 
PCB's 

Aleutian Islands 

Buldir Island 
N = 2; 1974; 1.4 

DDE 
DDT 
Heptachlor epoxide 
Cis-chlordane 
HCB 
Toxaphene 


PCBs 


G. Red-faced cormorant (N = 1: lipid content = 2.7%) 
Gulf of Alaska 
Uygaiushak Island 
N = 1, 1974, 2.9 

DDE 

Cis-chlordane 

Cis-nonachlor 

Toxaphene 

PCB's 


H. Aleutian Canada goose (N= 1; lipid content = 13.0%) 


Aleutian Islands 
Buldir Island 
N= 1: 1974, 01 
DDE 
Dieldrin 
Heptachlor epoxide 
PCB's 


BEST DOCUMCNT AVAILABLE 


No. with residues Mean 


Wwwwn ds we WwW 


———_— — 


0.394 
0.001 
0.037 
0.005 
0.004 
0.009 
0.040 
0.400 


0.134 
0.003 
0.005 
0.020 
0.007 
0.009 
0.032 
0.005 
0.011 
0.081 
(). 296 


0.178 
0.002 
0.003 
0.021 
0.015 
0.012 
0.244 


0.042 
0.021 
0.006 
0.02] 
0.120 


045 
O.O}] 
OO005 
1) Ob 


0-1.2 
0-0.008 
0-0.085 
0-0.015 
0-0.015 
0.002-0.016 
0-0.15 
0.12-0.75 


0.092-0.18 

0-0).006 
0.003-0.007 
0.016-0.024 
0.006-0.008 
0.008-0.010 
0.026-0.038 
0.002-0.008 

0-0. 37 
0.020-0.14 
0.18-0.42 


0-15 

0-0.032 
0-0.045 
0-0. 087 
0-0) .088 
0-0.025 
0-63 


Range 


0.13-0.63 
ND-0.004 
0.026-0.059 
ND-0.008 
ND-0.008 
0.007-0.012 
0.004-0.084 

0.28-0.53 


°.037-0.24 
ND-0.010 
ND-0.008 
0.014-0.035 
0.005-0.009 
0.006-0.011 
0.018-0.050 
ND-0.010 
ND-0.13 
ND-0.35 
0.082-0.74 


0.11-0.25 
ND-0.005 
ND-0.006 
0.016-0.026 
0.010-0.02] 
O.O11-0.013 

0.092-0.44 


__ Residues in ppm (wet weight) 
95% CI 
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Appendix III. Continued 


Residues in ppm (wet weight) 


| Region; site; N, year, and PCB/DDE; and chemical ‘NO. with residues Mean 95% Cl Range 
) J. Glaucous-winged gull (N = 123; lipid content = 5.78 + 0.11%) 
Gulf of Alaska . 
Copper River Delta 
N = 36; 1976; 1.7 
DDE 36 0.116 0.086-0.15 0.005-0.46 
DDD ll 0.003 9.001-0.005 ND-0.017 
DDT l <0.001 0-0.002 ND-0.02 
Dieldrin 20 0.005 0.003-0.008 ND-0.043 
Heptachlor epoxide 12 0.003 0.001-0.005 ND-0.022 
Mirex 4 <0.001 0-0.062 ND-0.016 
Oxy chlordane 17 0.007 0.004-0.010 ND-0.034 
Cis-chlordane 8 0.003 0-0.006 ND-0.045 
Cis-nonachlor 5 0.001 0-0.002 ND-0.009 
HCB 35 0.015 0.011-0.020 ND-0.089 
POB’s 31 0.194 0.12-0.28 ND-1L.5 
Hinchinbrook Island 
N = 10; 1976; 1.7 
DDE 10 0.277 0.13-0.45 0.083-0.73 
DDD gy 0.007 0.005-0.009 ND-0.011 
Dieldrin q 0.009 =: 00..005-0..013 ND-0.021 
Heptachlor epoxide 10 0.014 0.007-0.022 0.003-0.041 
Ox chlordane 10 0.014 0.010-0.017 0.005-0.020 
Cis-chlordane gy 0.011 0.007 0.015 ND-0.02 
Cis-nonachlor 2 0.001 0-0.003 ND-0.006 
) HCB 8 0.019  0.009-0.028 ND-0.038 
: Toxaphene 6 0.010 0.004-0.017 ND-0.022 
PCBs 0 0.461 0.32-0.61 0.16-0.584 
: Middleton Iand 
N = 10; 1976; 1.7 
DDE 10 0.540 0.33-0.78 0.19-1.0 
DDD 6 0.005 0.001 -0.009 ND-0.014 
DDI 4 0.004 0-0.009 ND-0.022 
Dieldrin 10 0.02] 0.015-0 0298 0.012-0.043 
Heptachlor epoxide q 0.010 0.003-0.016 ND-0.034 
Oxv chlordane 10 0020 8 0.010-0.029 0.007 40.055 
Cis-chlordane s 0.012 0.004-0.020 ND-0.041 
Cis-nonachlor l <0.00] 0.0.003 ND-0.O008 
Toxaphene 4 0.007 OO O14 ND-0.028 
PCB's 10 0.941 0.60.14 037-21 
Barren Islands 
N = 2. 197617 
PDF 9 (1) 348 0.3.8 0.29.4).49 
DDD l o.002 0.0.05) ND-0.004 
Dieldrin 3 0.033 0.0% 0.009-0 057 
Heptachlor eponice 9 O03] 0.40.4] 0 006-0) 056 
Mires ! 0.003 0.0043 ND-0.006 
Oxv chlordane 9 0.019 O0.19 0.007 -0.032 
Cis-chlordane | 0.005 OO0T] VD-O.O10 
HCE 9 0.027 O13 0019-0035 
PCRs 9 0.580 0.7.9 0 I-08] 
Amalik Bay 
\ 5. 1973: 11 
1) 5 0.334 0083-0 64 0043-066 
D1 ] TAL 0.005 ND 006 
Dieldrin 5 0.025 0008-0042 0010-0046 


BEST DOCUMENT AVAILABLE 
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Appendix [1]. Conti, 


Region: site 


N 


vear. and PCB DDE. an 


Heptachlor epoude 


On chlordane 


(ws-chlordan 


Cis-nonachlor 


HCB 


PCRs 


Kixdiak and 


N 


DD 
DDD 
D1 
Dieldrin — 1975 


1975. 6. 1976 1S 


176 


Heptachlor eporice 
Mires 
Ox chlordane 


Cis-chlordam 


Cis-nomachlor 
Hck 


Toxaphen 5 


PCRs 


1976 


Uvaiushak Iand 


N 


DD 
DDD 
DIT 
Dieldrin 

Heptachlor epoxide 
Mire \ 
Ox chlordan 


1974. 10, 1976, 2.0 


Cis-chlordan 


Cis-nonachlor 
HB 
Ponxapohene 
PCBs 


Senmidi Islands 


\ 


111 


DID 
1 
Dieldrin 

He pot an bihoor cpwrnick 
Mire \ 
Ons chlorcdam 


16. 14 


Cis-chlordan 


Cis-rnonmachlor 


WK 
MBs 
Shumavin Istand 
\ l. TG, 2.2 
11>) 
11) 
1] 


hemical 


Residues in ppm (wet weight) 


No. with residues Mean 
3 0.007 
4 0.008 
l 0.001 
] 0.002 
4 (0.028 
5 0.377 

17 0.661 
s 0.007 
q O01] 
ll 0.034 
4 0.009 
15 0.025 
| 0.002 
7 0.024 
1] 0.013 
4 0.004 
10 0.01] 
4 G.0]2 
0 
17 1.22 
13 (). 208 
ri 0.005 
} 0.003 
}2 0.009 
1] O.OL0 
9 o.o002 
1] 0.02] 
S ool 
5 TALL 
13 0.031 
| O04 
13 Te 
th oso 
‘ TROLL 
4 WoL 
s WO}]2 
10 OO)] 
‘ 0.036 
Ww 003] 
Ww WOT 
5 0.026 
10 W040 
Ww 741 
tp (1) 284 
; in 
} (1) nM 


9° Cl 


0-0.018 
0.002-0.015 
0-0.005 
0-0.007 
0.006-0.051 
0.16-0.64 


0.37-1.0 
0.001-0.012 
0.001-0.020 
0.019-0.049 
0-0.018 
0.015-0.036 
0-0.006 
0.015-0.032 
0.006-0 020 
0-0.008 
0.005-0.017 
0.006-0.018 


0.75-1L.8 


0.16-0.45 
0002-0008 
0.0008 
0.00640 011 
0.004-0. 016 
0-0.005 
0008-0035 
0004-0017 
0-0. 008 
0.020-0.04] 
OO O14 
O3L007 


040-0 74 
OQ OOLOOTS 
0.002-0.025 
0OOO4-0.02] 
OOF OLS 

0-0 OS6 
O20) 042 
006-40. 029 

OO 072 
027 0.054 


O5LLO 


0 200) 3S 
OO OS 


Was 


Range 


ND-0.021 
ND-0.O14 
ND-0.007 
ND-0.010 
ND-0.044 
0.088-0.52 


0.12-2.7 
ND-0.036 
ND-0.072 

0.008-0.069 
ND-0.024 
ND-0.072 
ND-0.033 

0.007 -0.066 
ND-0.050 
ND-0.033 
ND-0.035 
ND-0.026 


14-44 


0 03S-0.84 
ND-0.016 
ND-0028 
ND-OO17 
\D-0.033 
N\DALO016 
ND-0.077 
NVD-0.030 
\D-0.021 

OT AOT9 
ND-0.057 

0.054-2.0 


0. 26-0.96 
ND-0.040 
\D-0.044 
ND-0.0356 
(W040 029 
ND-0).22 
WOTSA065 
0 006-0 O46 
\p.0 29 
OOPS; 3 


0 $18 


(9 |] 4 
ADO os 
ND O04] 


BEST DOCUMENT AVAILABLE 











Appendix II]. Continued 


Residues in ppm (wet weight) 


| Region; site; N. vear, and PCB/DDE; and chemical No. with residues Mean 95% Cl Range 
Dieldrin 9 0.017 0.009-0.0235 ND-0.039 
Heptachlor epoxide 5 0.005 0.001-0.009 ND-0.013 
Mirex 4 0.025 0-0.050 ND-0.096 
Oxvchlordane § 0.031 0.006-0.057 ND-0.13 
Cis-chlordane 4 0.006 00.013 ND-0.030 
HCB 10 0.054 0.039-0.069 0.019-0.085 
Toxaphene l 0.013 0-0.044 ND-0.14 
PCB's 10 0.613 0.44-0.80 0.27-1.0 
Aleutian Islands 
Bogoslof Island 
N = 3; 1973; 0.7 
DDE 3 5.16 0-42.0 1.6-11.0 
DDT 2 0.037 0-0.13 ND-0.073 
Dieldrin 3 0.214 0-11 0.049-0.58 
Mirex 3 0.036 0.013-0.59 0.025-0.042 
Oxvchlordane 3 0.251 0-1.1 0.054-0.56 
HCB 3 0.058 0-0.12 0.030-0.073 
PCB's 3 3.55 0.38-14.0 1.8-6.3 
Buldir island 
N = 4: 1975, 1.5 
DDE 4 2.27 0.26.0 0.37-22.0 
DDD 3 0.037 0-0.088 ND-0.074 
DDI 9 0.022 0-0_.066 ND-0.056 
Dieldrin l 0.123 0-40.42 ND-0.59 
Heptac hlor epoude 3 0.037 00.14 ND-0.13 
Mirex 4 0.024 0-0. 084 0005-0065 
Oxv chlordane 4 0.106 0.0.43 0.0144).41 
Cis-chlordane 4 0.075 00.27 0.016-0.26 
Cis-nonachlor l o.oo} 0.0005 \D-0.005 
HCB 4 0.188 0.0.89 0.024-0.84 
PCBs 4 3.30 0.25.0 0.87-20.0 
Bristol Bay 
Shaiak Island 
N = 3; 1973; 21 
DDE 3 0.276 0.1.2 0.015-0.54 
DDI l 0.002 OALO10 \D-0006 
Dieldrin 3 0.033 0.0084 0.016-0.055 
Heptachlor epoxide 3 0.015 0-0. 048 0).005-0.030 
Mirex } 0.006 OOOLOO 0004-0008 
Ox chlordane } 0.020 0.40.05) 0.007 40.031 
Cis-chlordane p 4 0.005 OM O17 ND-0.009 
Cis-nonachlor 3 OO] 0.0027 O06 018 
HCB 9 0.036 0.013 ND-0.075 
PCBs } 0.586 030 017-14 
K. Mew gull (N = 5; lipid content = 7.01 + 0.56%) 
Gulf of Alaska 
Kodiak Island 
N = 5. 1976. 5.1 
DD! 5 0.660 oon O02 5 
DDD j OOL4 OOOU85 \D-0.043 
DT } 0.005 Ooo] VD-OO12 
Dieldrin 5 0.025 O.015-0.096 OOL30033 
Heptachlor epoxide 5 ool Ome O04 OT O16 
Oxvchlordane 5 0033 0090-0 046 OOLT-O045 


BEST DOCUMENT AVAILABLE 
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Appendix III. Continued 


Residues in ppm (wet weight) 


Region; site: N. vear, and PCB/ DDE; and chemical No. with residues Mean 95% Cl Range 
Cis-chlordane 2 0.006 00.018 ND-0.023 
Cis-nonachlor 2 0.003 00.011 ND-0.013 
PCB's 5 3.44 2.3-4.7 2.2-4.5 

L.. Black-legged kittiwake (N = 62; lipid content = 6.02 + 0.16%) 

Gulf of A'-ska 
Hinchuwrook Island 
N = 10; 1976; 4.0 
DDE 10 0.074 0-0.16 0.006-0.47 
DDD 2 0.004 0-0.012 ND-0.033 
DDT l 0.002 0-0.006 ND-0.019 
Dieldrin 4 0.003 0-0. 006 ND-0.012 
Heptachlor epoxide 6 0.003 0008-0 005 NDO.OO7 
Mirex 4 0.002 0-0. 004 ND-0.006 
Oxv chlordane 10 0008) 0.005.0014 0.001-0.021 
Cis-chlordane 3 o.oo! 0-0.003 ND-0.006 
Cis-nonachlor ] <0.001 00.001 ND-0.002 
HCB 10 0.018 0.013-40.024 0006-0029 
PCBs 10 0). 296 0.18-0 42 0.063-0.71 
Middleton Island 
N = 10: 1976, 115 
DDE 10 0.047 0.034-0.060 0.025-0 086 
DDD l <0.001 0-0 002 ND-0.006 
Dieldrin ] o.00] 6-0.003 ND-0.010 
Ox chlordane 8 0008 «4409:.003-0016 ND-0.032 
Cis-chlordane 4 0.010 0.0 019 ND-0.032 
Cis-nonachlor | 0.002 00.007 \D-0.022 
Toxaphene | 0.002 0-0) 006 ND-0.019 
Endrin ] <0.00) 0.0.03 ND-0.009 
PCBs 10 0.539 0.25.0.90 013-17 
Kodiak Island 
N = 11: 1975: 8.4 
DDE 11 0.073 00391-0.12 0.020.097 
DDD 4 0.004 0-0.009 ND-OO15 
DDT l <0.001 0.0.00] ND-0.004 
Dieldrin h 00068 O0.002.00)0 ND-OO15 
Heptachlor epoxide } 0.003 0-0. 008 ND-0.016 
Ox chlordane y 0.044 0.0.10 \DOM 
Cis-chlordane 6 0.004 0.001-0.008 ND-O.0O12 
Cis-nonachlor 9 0.002 00006 ND-OO019 
HCB ll 0023 0=<.015-0.032 0011-0048 
Toxaphene 6 0.005 =. 001-0008 N\DOO12 
PCRs ll 0.610 047477 O3L-1L0 
Aleutian Islands 
Buldir Iiand 
\ 3. 1975, 15 
DD } 0 089 0.025410.16 ou73o1 
DDD } Oo 0.400.033 0006-0 021 
D1 } oo12 oo028 40 029 OOS O16 
Heptachlor epoxide } 0009 0008-0008 0008-0, 009 
Mires } O09 O08 OOOO 
Ox chlordane } o.0%5 0024-40 046 003924004 
Cis-chlordane } 0008 ooo os oo13 
Co-nonachlor | O.O05 00.016 NDOO15 
HB } 0 028 0013-0 08 omproniy 
PCRs } oat TELL eee | OGOLLS 
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Appendix III. Continued 


Residues in ppm (wet weight) 


Region: site: N. vear, and PCB DDE; and chemical No. with residues Mean 95% Cl Range 
Bristol Bay 
Round Island 
N = 6: 1973: 13.4 
DDE 6 0.014 0.011-0.018 0.009-0.17 
Dieldrin 6 0.005 0.004-0.006 0.004-0.007 
Mirex 2 0.002 0-0.005 ND-0.006 
Oxv chlordane 4 0.004 0-0.007 ND-0.006 
Cis-nonachlor 2 0.002 0-0.004 ND-0.005 
HCB 5 0.01I8 0.003-7.03 ND-0.039 
PCBs 6 0.187 0.12.0.26 0.13-0.30 
Shaiak Iwand 
N = 3: 1973; 68 
DDE 3 0.035 0.007-0.064 0.026-0.048 
Dieldrin 3 0.007 0.001-0.013 0.005-0.010 
Heptachlor epoxide 9 0.004 0-0.011 ND-0.006 
Oxv chlordane 3 0.025 0-0.099 0.009-0.059 
Cis-nonachlor 3 0.006 0.002-0.010 0.004-0.007 
HCB 3 0.026 0-0.090 0.006-0.054 
PCBs 3 0.239 0.076-0.43 0.17-0.31 
Pritilof Islands 
St. Paul Island 
N= 10, 1975, 14.3 
DDE 10 0.033 0.022-0.044 0.014-0.066 
Dieldrin l <0.001 0-0.002 ND-0.006 
Heptachlor epoxide 5 0.003 0-0.006 ND-0.013 
Ons chlordane 10 0.034 0.029-0.039 0.023-0.043 
1B 10 0.043 0.033-0.054 0.015-0.060 
Toxaphene 10 0.025 0.021-0.030 0.019-0.036 
PCRs 10 0.472 0.35-0.460 (0).23-0.68 
Seward Peninsula 
Blatt Seabird Clitts 
\ 4 1976. 111 
LDF q 0.033 0.022-0.045 0.020-0.068 
DDD 9 0.00] 00.003 ND-0.007 
Dieldrin 2 <0.00] 00.002 ND-0.004 
Heptachlor eprrniche 4 0.002 0-0. 004 ND-0.006 
Mires 9 O00] 00.003 ND-0.005 
Ox chlordane q 0010 O0.007-0.014 0.004-40.017 
(is-chlordan 4 0.002 0-0.004 ND-0.006 
Cis nonachlor } 0.00] 0-40.02 ND-0.005 
HR q 0.031 0.025-0.037 0.016-0.044 
PCBs q 0.965 0.31-0.42 (0). 264). 48 
M. Arctic tern (N= 3; lipid content = 6.23 2 108%) 
(cull of Alaska 
Kodiak Island 
‘\ 1 1976: 75 
1D } O19 O08, 32 0.1640.25 
Ox, Ahhordam ; 0006 0004-0 008% 0.00540. 007 
PCRs } 149 11-20 1.3-1.6 


BEST DOCUMENT AVAMABLE 
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Appendix III. Continued 


Region: site: N. vear. and PCB DDE: and chemical 


N. Aleutian tern (N = 6; lipid content = 7.08 + 0.56%) 
Aleutian Islands 
Attu Idand 
N = 6. 1975. 0.8 

DDE 
DDD 
Dieldrin 
Heptachlor epoxide 
Ox chlordane 
Cis-chlordane 
HCB 
Toxaphene 
PCBs 


QO. Common murre (N= 65; lipid content = 9.31 + 0.17%) 
Gulf of Alaska 
Middleton Iiand 
N = 10. 1976. 1.6 

DDE 
DDD 
DT 
Dieldrin 
Heptachlor epoxide 
On chlordane 
Cis-chlordane 
Cis-nonachlor 
Toxaphen 
PCBs 


Ugaiushak Island 
\ 7: 1974, 0.8 

1! F 
DDD 
pet 
Heptachlor epoxide 
Onxvchlordan 
Cow-chlordan 
Cis-nonachtlor 
HCcB 
Toxaphene 


PCBs 


Aleutian Islands 
Boyveslot Island 
\ 7. 1973. 1.1 

1)1>F 
DDD 
Dieldrin 
Heqytac hbo eprrnicte 
Onxvchlordan 
Cis-chlordam 
Cis-nonachlor 
HB 
PCBs 


Residues in ppm (wet weight) 


No. with residues Mean 
6 0.432 
4 0.008 
6 0.011 
4 0.004 
6 0.009 
3 0.005 
6 0.005 
5 0.029 
6 0.324 

10 0.649 
i) 0.033 
6 OOLT 
5 0.026 
6 0.011 
10 0.042 
5 0.012 
5 0.008 
4 0.023 
10 1.05 
7 0). 202 
| 0.002 
| owe 
9 0.005 
4 0.00% 
j 0.002 
5 O04 
ry 0.027 
9 OOl4 
rt 0). 168 
rt 0.119 
] O00] 
t 1.034 
j 0.004 
‘) O05 
| <0.00] 
j 0.008 
‘) 0.066 
4 0.126 


95% Cl 


0.16-0.76 
0-0.017 
0.006-0.015 
0-0.008 
0.007 -9.010 
0-0.011 
0.004-0.005 
0.013-0.045 

().22-0.44 


0.38-0.97 
0.018-0.048 
0.003-0.031 
00.067 
0.002.0.02] 
0.033-0.051 
0.002.0.022 
00.017 
00.051 
0.43-1.9 


0060-0. 36 
0-0 008 
00.007 
00.013 
OOOL5 
0-0 006 
0.0.029 

0.016-0.038 
O0.037 
040.39 


O13 
O04 
OO0T3 
00) OOS 

000020 008 
O40 003 
OAO16 

0034-00908 

0.09020 16 


Range 


0.16-0.98 
ND-0 019 
0.0040 1 ty 
ND. .0°%7 
0.007 43.482 
ND-0.012 
0.004-0.006 
ND-0.044 
0.18-0.46 


0.31-2.0 
ND-O.077 
ND-0.053 
ND-0.20 
ND-0.037 
0.021-0.059 
\D-0.038 
ND-0.029 
ND-0.12 
O1-47 


0086-0. 56 
NVD-O016 
NDALO15 
ND-0.023 
ND-OOIS 
ND-0.012 
\D-0.044 

0.007 40.042 
ND-0.064 

0214.76 


01013 
\D-0008 
ND-0.12 
\D-0 009 
\VD-OL009 
\ND-OL005 
ND-0.020 
ND-0096 
OOS040 18 


BEST DOCUMENT AVAILABLE 











Appendix II]. Continued 


Region: site: N. vear, and PCB DDE: and chemical No. with residus Mean 








Buldir Island 







N = 1, 1974; 0.9 
DDE l 0.230 
Heptachlor epoxide l 0.010 
HCB l 0.039 
PCB's l 0.210 





Bristol Bay 
Round Island 







N 4. 1973: 1.4 
DDE 4 0.111 
| Dieldrin 4 0.023 
Heptachlor epoxide 4 0.008 
| Onxv chlordane 4 0.010 
| Cis-nonachlor 4 0.013 
) HCB 4 0.098 
PCRs 4 0.151 
Shaiak Iand 
N= 5: 1973; 1.0 
DDE 5 0.153 
Dieldrin 4 0.012 
Heptachlor epoxide | 0.00) 
Ox chlordane 9 0.002 
Cis-nonachlor 9 0.002 
HCB 5 0.100 
PCB's 5 0.147 
Pribilot Islands 
St. George Iand 
N 1: 1975. 1.0 
11 >t ll 0.273 
DD) 10 0.035 
DT th 0.013 
Dieldrin ry 0.009 
Heptachlor cpwrniche 1] oOo12 
Onxv chlordane i] O.O1S 
HCR 11 o.079 
Toxaphen y oOo 
PCBs 1] O20 
St. Paul Iand 
\ Ww. 175. 15 
1D 10 Oras 
11) | <0.00] 
Dieldrin f) OOo 
Heptachlor eponict q OOo] 
Cons chhordane LD 0.026 
Cis-chlhordam ] <000] 
Cis-nonachtlor 9 om 
Hc Ww 0.080 
Tonxaphom s Voy 
rR. Ww te is 
Seward Peninsula 
Biull Seabird Clitts 
\ Ww W976. 13 
DD! TL O14) 
Dp) y ool 


BEST DOCUMENT AVAILABLE 





95% Cl 


0.061-0.16 
0.008-0.039 
0.005-0.011 
0.007-0.013 
0.008-0.018 
0.032-0.17 
0.063-0.25 


0.034-0.29 
00.023 
0-0.005 
00.007 
00.007 

OOS O17 

0.090.0.2] 


0.1440.43 
0.02240.047 
0.007 0.019 
0.002-0.016 
0 O09 O15 
O012.0 024 
0059-0098 
OO 072 


1). 22-4).32 


0.098.017 

0.0 002 
00007-0008 
0.005 0.016 
0190-0033 

0.0 002 

0.0 04 
0062-0 008 
(S40) 29 
0 164095 


011-018 
Om O01 






Residues in ppm (wet weight) 


Range 





0.064-0.13 
0.013-0.036 
0.005-0.009 
0.008-0.012 
0.009-0.015 
0.036-0.12 
0.070-0.20 


0.073-0.44 
ND-0.023 
ND-0.006 
ND-0).008 
ND-0.008 

0.024-0.17 

0.089.021 


0.084-40.79 
ND-0.068 
ND-0.023 
ND-0.025 
0.005-0.019 
0.004.409.0392 
OO458-0.16 
\D-019 
0.1240.35 


0.0894) 26 
\D-0 008 
ND-O.O15 
ND-0.024 

OOL2 004) 
\D-0006 
\D-OO13 

O440 1] 
\D0 044 
O10 31 


0 068.0.23 
NDO OF 








38 


Appendix III. Continued 


Region: site; N. 


P. Thick-villed murre (N = 24: 


Dieldrin 
Heptachlor epoxide 
On chlordane 
Cis-chlordane 
Cis-nonachlor 
HCB 

PCBs 


Gulf of Alaska 
Uyvaiushak Island 
= |, 1974: 5, 1976: 1.8 


N 


DDE 

Dieldrin 
Heptachlor epoxide 
Oxv chlordane 
Cis-chlordane 
HCB 

PCBs 


Aleutian Islands 


Buldir land 


N 


8. 1974: 0.6 
DDE 
Ow chlordane 
HcB 
PCRs 


Seward Penineula 


King Island 


N 


10: 1976. 1.8 
DDE 
DDD 
Dieldrin 
Heptachlor eponice 
Mires 
On chlordane 
Cis-chlordane 
Cis-nonachlor 
HCcK 
Tovnagrhvene 


PCRs 


vear, and PCB DDE: and chemical 


lipid content = 9.08 + 0.22%) 


nauwe Uwe @ 


z-e~ =F 


Y. Pigeon guillemot (N = 4: lipid content = 7.68 + 0.30%) 
Coult of Alaska 
U vaitshak Island 


N 


£14, 1.0 
DD 
Dieldrin 
Ox chlordan 
Cis-chlordam 
Cis-nonachtlor 
HcB 
Poxaphen 
PCRS 


i 
| 
| 
} 
‘ 
i 
i 
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Residues in ppm (wet weight) 


No. with residues Mean 


<0.001 


7 


0.004 
0.023 
0.003 
0.001 
0.111 
0.182 


0.147 
0.010 
0.007 
0.019 
0.003 
0.060 
0.259 


0.145 
0.00) 
0.062 
0.090 


0.166 
0.009 
0.004 
0.006 
TRL 
0.02] 
0.004 
0.00] 
0.098 
0.003 
OF 


OW) 
0.002 
0.005 
TALUD 
0.005 
o.02] 
ols 
0.009 


9% Cl 


0-0.002 
0-0.007 
0.012-0.033 
0-0.005 
0-0.003 
0.085-0.14 
0.140.23 


0.11-0.18 
0-0.031 
0-0.019 
0.003-0.035 
00.012 
0.022.0.098 

0.055-0.50 


0.088-0.21 
0-0. 002 
00.14 
0.096.015 


0.13-0.21 
0.002-0.016 
0.0.08 
0.002.0.010 
00.002 
0.015-0.026 
00.007 
0.0. 004 
0.065-0.13 
00.007 
().24-0.38 


0.0384),10 
0007 
OOHO014 
TTELRL LE 
O00 ]2 
0.014-0.099 
O04 
O84 1] 


Range 


ND-0.005 
ND-0.016 
0.006-0.047 
ND-0 009 
ND-0.007 
0.070-0. 180 
0.11-0.28 


0.094-0.20 
ND-0.05) 
ND-0.029 
ND-0.042 
ND-0.0% 
ND-0.0% 

0.080-0.74 


0.066-0 26 
ND-0.006 

0.025-0.32 

0.029.020 


0.053-0.23 
ND-0.029 
ND-O.O17 
ND-0.015 
ND-0.006 
0.008-0.035 
ND-0.014 
N\D-0.008 

0.006-0.16 
ND-0.015 

01440.50 


0.04640 04 
ND-0.006 
\D-O.012 
\D-0.004 
\D-O010 

O06 027 

0005-0020 

O05240.1] 








Appendix III. Continued 


Residues in ppm (wet weight) 
Region; site; N, vear, and PCB/DDE; and chemical No. with residues Mean 95% Cl Range 


R. Ancient murrelet (N = 5; lipid content = 14.0 + 1.1%) 
Aleutian islands 
Buldir Island 
N = 5; 1974; 0.5 


DDE 5 1.61 0.91-2.6 0.75-2.4 
DDD 3 0.005 0-0.012 ND-0.014 
Heptachlor epoxide 3 0.004 0-0.008 ND-0.007 
Ox chlordane l 0.005 00.017 ND-0.023 
Cis-chlordane 3 0.006 0-0.014 ND-0.014 
Cis-nonachlor 5 0.023 0.016-0.029 0.015-0.028 
HCB 3 0.002 0-0.005 ND-0.004 
Toxaphene 5 0.030 0.022-0.038 0.024-0.040 
PCRs 5 0.829 0.28-1.6 0.45-1.9 
S. Horned puffin (N = 5; lipid content = 9.16 + 0.61%) 
Gulf of Alaska 
Barren Idands 
N = 2; 1976; 1.2 
DDE 2 0.617 0.2.5 0.520.72 
DDD i 0.014 0-4),22 ND-0.029 
DDT l 0.006 0-0.093 ND--0.013 
Dieldrin 9 0.052 04.72 0.012-0.093 
Heptachlor epoxide 9 0.014 00.094 0008-002 
Mires ] 0.004 00.050 ND-0.007 
Onxvchlordane 2 0.021 0.003-0.041 0.020-0.023 
Cis-chlordane 9 0.036 0017 0.026-0.046 
Cis-nonachlor l 0.006 0-0.085 ND-0.012 
HCcB 9 0.022 00.14 0.014-0.031 
PCBs 9 073 0.61-40.86 O.724.74 
Uyvaiushak Iand 
N28 2194 1071 
DI 9 OO 00.063 0.014-40.021 
DDD | 0.003 0.0045 ND-0.006 
DDT | 0.006 0-0.085 ND-0.0O12 
Dieldrin | OO] 0-40.16 ND-0.022 
Heptachlor cporide | 0.002 04). 027 ND-0.004 
On chlordane 9 0.009 0.400.025 0.008-0.010 
Cis-chlordane 9 0.013 0.400.026 OOL20.014 
Cis-nonachlor 9 0.012 00.068 0.007-0.016 
1CcB 9 oo}2 O09] OO0640.018 
Toxaphene 9 0.050 00.30 0.033-0.068 
PCBs 9 0.200 0. 90.4).99 1) 29.4).99 
Aleutian Isands 
Buldir Isand 
N = |; 1974; T7.8 
1D | 0.009 
DDD | 0.005 
Dieldrin | 0.005 
On chlordane ] OoO13 
Cis -chlordan | O02 
Tonaphene | 0.020 
re Bs | 0.340 


BEST DOCUMENT AVAILABLE 
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Appendix III. Continued 


; Residues in ppm (wet weight) | 7 


Region; site; N, year, and PCB/DDE; and chemical No. with residues Mean 95% Cl Range 
T. Tufted puffin (N = 71; lipid content = 8.05 + 0.20%) 
Gulf of Alaska 
Hinchinbrook Island 
N = 10: 1976: 1.5 
DDE 10 0.408 0.34-0.50 0.27-0.44 
DDD 10 0.033 0.024-0.041 0.021-0.054 
DDT 10 0.025 0.013-0.037 0.009-0.068 
Dieldrin 10 0.020 0.013-0.026 0.012-0.041 
Heptachlor epoxide 4 0.011  0.008-0.014 ND-0.016 
Mirex 10 0.014 0.003-0.025 0.004-0.057 
Oxvchlordane 10 0.017 0.012-0.022 0.005-0.028 
Cis-chlordane 7) 0.023 0.014-0.032 ND-0.045 
Cis-nonachlor s 0.014 0.007-0.021 ND-0.031 
HCB 10 0.036 0.027-0.044 0.021-0.058 
PCB's 10 0.625 0.53-0.72 0.46-0.85 
Barren Islands 
NX = 8. 1976: 1.9 
DDE S 0.297 0.21-0.39 0.074-0.39 
DDD 7 0.024 0.011-0.036 ND-0.043 
DDI 4 0.011 0-0.024 ND-0.043 
Dieldrin \ 0.026 0.015-0.037 0.012-0.047 
Heptachlor epoxide 5 0.006 0.001-0.011 ND-0.017 
Mirex 4 0.003 0-0.005 ND-0.007 
Oxv chlordane 8 0.019 0.007-0.030 0.006-0.043 
Cis-chlordane S 0.030 0.020-0.040 0.014-0.046 
Cis-nonachlor 7 0.009 0.005-0.013 ND-0.015 
HCB 7 0.033 0.018-0.048 ND-0.049 
PCB's S 0.574 0.40-0.77 0.14-0.86 
Kodiak Island 
N 9, 1975: 1. 1976: 1.6 
DDI 10 0.339 0). 26-4).42 0.15-0.57 
DDD 5 0.008 0-0.015 ND-0.031 
DD] 3 0.002 0-0.004 ND-0.009 
Dieldrin 0.016 0.006-0.025 ND-0.044 
Heptachlor epoxide } 0.012 0.007-0.016 ND-0.025 
Mirex 9 0.001 0-0.003 ND-0.008 
Oxvchlordane 10 0.016 0.011-0.020 0.009-0.032 
Cis-chlordane q 0.012 0.004-0,020 ND-0.040 
Cis-nonachlor 4 0.003 0-0.006 ND-0.012 
HCB 10 (0.024 0.019-0.029 0.017-0.038 
Poxaphene q 0.065 0.026-0.11 ND-0.20 
PCBs 10 0.533 0.33-0.76 0.026-1.1 
Uyvaiushak Island 
\ 3. 1974: 19. 1976; 2.6 
111 99 0.205 0. 18-0.23 0.14-0.36 
DDD 18 0.016 0.010-0.02] ND-0.049 
DT j 0.002 0-0.004 ND-0.016 
Dieldrin 5 0.008 0.003-0.012 ND-0.048 
Heptachlor epoxide — 1974 () 
Lu76 14 0.005 0.003-0.006 ND-0.009 
Mires a 0.007 00.013 ND-0.057 
Oxvchlordan ) 0.009 O.007-0.011 ND-0.016 
Cis-chlordane 9} O.0O13 QOLOOO1L5 ND-0.028 
Cis-nonachlor = 1074 () 
1076 13 0.007 0004-0. 010 ND-0.020 
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_ Residues in ppm (wet weight) 
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Region; site; N, year, and PCB/DDE; and chemical No. with residues Mean 95% CI Range 
HCB 21 0.029 0.023-0.035 ND-0.065 
Toxaphene 14 0.015 0.008-0.022 ND-0.060 
PCB's 22 0.531 0.39-0.68 0.10-1.9 

Semidi Islands 
N = 7; 1976; 1.6 
DDE 7 0.162 0.070-0.28 0.060-0.31 
DDD 7 0.023 0.012-0.035 0.013-0.049 
DDT 3 0.008 0-0.018 ND-0.025 
Dieldrin l 0.004 0-0.015 ND-0.030 
Heptachlor epoxide 4 0.007 0-0.014 ND-0.021 
Mirex 2 0.002 0-0.006 ND-0.010 
Oxychlordane 5 0.009 0-0.018 ND-0.026 
Cis-chlordane 3 0.014 0-0.037 ND-0.069 
Cis-nonachlor ] 0.004 0-0.012 ND-0.025 
HCB 7 0.032 0.023-0.041 0.017-0.046 
Toxaphene l 0.003 0-0.009 ND-0.018 
PCB's 7 0.263 ©.979-0.48 0.034-0.56 
Shumagin Islands 
N = 6; 1976; 1.4 
DDE 6 0.368 0.17-0.60 0.12-0.65 
DDD 6 0.024 0.013-0.036 0.006-0.037 
DDT 2 0.014 0-0.047 ND-0.079 
Dieldrin ] 0.005 0-0.020 ND-0.033 
Heptachlor epoxide 6 0.009 =: 00..004-0.014 0.003-0.016 
Mirex 2 0.002 0-0.006 ND-0.009 
Oxychlordane 5 0.019 0-0.050 ND-0.079 
Cis-chlordane 6 0.018 0.012-0.025 0.012-0.030 
Cis-nonachior 2 0.003 0-0.007 ND-0.009 
HCB 5 0.037 0.015-0.059 ND-0.058 
Toxaphene 9 0.018 0-0.053 ND-0.082 
PCB's 6 0.524 —0.38-0.69 0).38-0.78 
Aleutian islands 
Buldir Island 
= 2: 1975: 2.9 
DDE 9 0.135 0-0.34 0.12-0.15 
Dieldrin 2 0.004 0-0.007 0.004-0.004 
Heptachlor epoxide 9 0.005 00.011 0.005-0.006 
Oxy chlordane 9 0.009 0.005-0.012 0.008-0.009 
HCB 2 0.014 0-0.047 0.012-0.017 
Toxaphene 2 0.031 00.14 0.023-0.039 
PCBs 9 0.395 0.33-0.46 0.39-0.40 
Bristol Bar 
Shaiak Island 
N 6. 1973; 1.6 
DD 6 (). 266 0.12-0.44 0.040-0,49 
DDD 4 0.005 0-0.010 ND-0.013 
DDI 9 0.002 0-0.005 ND-0.007 
Dieldrin 5 0.020 = 0.006-0.034 ND-0.036 
Heptachlor epoxide 4 0.004 0-0 .008 ND-0O08 
Mirex 5 0.006 0.003-0.010 ND-O.OL0 
Oxv chlordane 5 0.012 0.002-0.022 ND-0.028 
Cis-chlordan 5 0.008 0.003-0.012 ND-O.O11 
Cis-nonachlor 4 0.0006 O0.013 ND-OLO16 
HCB 6 0.064 0 016-0.12 0.008-0.12 
PCBs 6 (0.423 O17O.73 0060-082 


GPO 8635-2 


BEST DOCUMENT AVAILABLE 








A list of current Special Scientific Report — Wildlife follows. 


225. Scalation of the American Alligator, by Charles A. Ross and Charles D. Roberts. 1979. 8 pp. 


(Reports 226 and 227 are in one cover) 

226. Waterfowl Status Report, 1975, compiled and edited by James R. Goldsberry, Sharon L. Rhoades, Lonnie D. 
Schroeder, and Morton M. Smith. 1980. 86 pp. 

227. Waterfowl Status Report, 1976, compiled and edited by William W. Larned, Sharon L. Rhoades, and K. Duane 
Norman. 1980. 88 pp. 

228. Effects of Environmental Contaminants on Reptiles: A Review, by Russell J. Hall. 1980. 12 pp. 

229. The Rocky Mountain Population of the Western Canada Goose: Its Distribution, Habitats, and Management, by 
William B. Krohn and Elwood G. Bizeau. 1980. 93 pp. 

230. Breeding Biology and Relation of Pollutants to Black Skimmers and Gull-billed Terns in South Carolina, by 
Lawrence J. Blus and Charles J. Stafford. 1980. 18 pp. 

231. The Canada Goose (Branta canadensis) — An Annotated Bibliography, compiled by Scott R. Craven. 1981. 66 pp. 

232. Metabolism of Pesticides: Update HI, by Calvin M. Menzie. 1980. 709 pp. 

233. Relative Attractiveness of Different Foods at Wild Bird Feeders, by Aelred D. Geis. 1980. 11 pp. 

234. Establishment of Seeded Grasslands for Wildlife Habitat in the Prairie Pothole Region, by Harold F. Duebbert, 
Erling T. Jacobson, Kenneth E. Higgins, and Erling B. Podoll. 1981. 21 pp. 

739. Bats and Environmental Contaminants: A Review, by Donald R. Clark, Jr. 1981. 27 pp. 


(Reports 236 and 237 are in one cover) 

236. Waterfowl! Status Report, 1977, compiled and edited by Carey S. Smith, Sharon L. Rhoades, and K. Duane 
Norman. 1981. 88 pp 

237. Waterfowl! Status Report. 1978. compiled and edited by Albert N. Novara, Sharon L. Rhoades, Betty I. Hodges, 
and K. Duane Norman. 1981. 96 pp. 

238. Status Reports on Twelve Raptors, by David L. Evans. 1982. 68 pp. 

239. Summary of Foreign Game Bird Liberations, 1969-78, by Richard C. Banks. 1981. 23 pp 

240. Reliability of Kill and Activity Estimates in the U.S. Waterfowl Hunter Survey. by Leigh M. Couling, A. R. Sen, 
and Elwood M. Martin. 1982. 14 pp 

241. Residues of DDT, Dieldrin, and Heptachlor in Farthworms During Two Years Following Application, by Charles 
D. Gish and Donald L. Hughes. 1982. 15 pp 

242. Changes in Vegetation Structure in Seeded Nesting Cover in the Prairie Pothole Region, by Kenneth F. Higgins 
and William T. Barker. 1982. 26 pp 

243. Bibliography of References to Avian Botulism: Update, by Sonoma S. Wilson and Louis N. Locke. 1982. 10 pp 

244.) Technique for Structuring Wildlife Guilds to Evaluate Impacts on Wildlife Communities. by Henry L.. Short and 
Kenneth P. Burnham. 1982. 34 pp 
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As the Nation's principal conservation agency, the Department of the 
Interior has responsibility f): most of our nationally owned public 
lands and natural res -urces. ".s includes fostering the wisest use of 
our land and water resources, »rotecting our fish and wildlife, preserv- 
ing the envirenmental and cultural values of our national parks and 
historicai places, and providing for the enjoyment of life through vut- 
door recreation. The Department assesses our energy and mineral 
resources and works to assure that their development is in the best 
interests f all our people. The Department also has a major responsi- 
bility for american Indian reservation communities and for people who 
live in island territories under U.S. administration. 
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